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A Remarkable T extbook 


Barber’s First Course in 
General Science 


By Freperick D. Barser, Professor of Physics in the Illinois State Nor- 
mal University, Merton L. Fuiier, Lecturer on Meteorology in the 
Bradley Polytechnic Institute, Joun L. Pricer, Professor of Biology in 
the Illinois State Normal University, and Howarp W. Apams, Professor 
of Chemistry in the same. vii+588 pp. of text. 12mo. $1.25. 





A recent notable endorsement of this book occurred in Minneapolis. A Committ. 
on General Science, representing each High School in the city, was asked to ou 
course in Science for first year High School. After making the outline they consider 
the textbook situation. In this regard, the Committee reports as follows: 


‘* We feel that, in Science, a book for first year High School use should be simple i: 
language, should begin without presupposing too much knowledge on the part of the 
student, should have an abundance of good pictures and pler ~ of material to chooze from 

Barber’s First Course in General Science seems to us to bes. meet these requirements 
and in addition it suggests materials for home experiments requiring no unusual! appar- 
tus, and requires no scientific measurements during the course. We recommen jt 


adoption.’’ 
Other Interesting Opinions on the Book Follow: 


ScHooL SCIENCE AND MATHLMATICS:—It is one of the very best books on general science that hare 
ever been published. The biological as well as the physical side of the subject is treated with great fairnes 
There is more material in the text than can be well used in one year’s work on the subject. Thisis, howe 
a good fault, as it gives the instructor a wide range of subjects. The book is written in a style which » 
at once command not only the attention of the teacher, but that of the pupil as well. It is interesting frou 
cover tocover. Many new and ingenious features are presented. The drawings apd halftones have been 
selected for the purpose of illustrating points in the text, as well as for the purpose of attracting the pop 
and holding his attention. There are 375 of these illustrations. There is no end to the good things whic 
might be said concerning this volume, and the advice of the writer to any school board about to adopts 
text in general science is to become thoroughly familiar with this book before making a final decision 


WALTER Barr, Keokuk, lowa:—Today when I showed Barber’s Science to the manager and depart 
ment heads of the Mississippi River Power Co., including probably the best engineers of America posi 
to assemble accidentally as a group, the exclamation around the table was: ‘‘ if we only could have hais 
book like this when we were in echool.’’ Something similar in my own mind caused me to determine! 
give the book to my own son altho he is in only the eighth grade. 


G. M. Witson, Jowa State College:—I have not been particularly favorable to the general science ides, bu! 
I am satisfied now that this was due to the kind of texts which came to my attention and the way! 
happened to be handled in places where I had knowledge of its teaching. I am satisfied that Profes 
Barber, in this volume, has the work started on the right idea. It is meant to be useful, practical mater 
closely connected with explanation of every day affairs. It seems to me an unusual contribution along %" 
line. It will mean, of course, that others will follow, and that we may hope to have general science wor 
put on such a practical basis that it will win a permanent place in the schools. 
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SOURCES AND TENDENCIES IN AMERICAN 
GEOLOGY 


By Professor JOSEPH BARRELL 
YALE UNIVERSITY 


MERICAN leadership in invention and engineering is 
Be generally acknowledged, but what is our position in the 
various fields of science? It has been customary to look to 
Europe, and, in the last half century, especially to Germany as 
the leader in scientific achievement. In some lines this is no 
doubt true, but in other lines it is not true. The present, as the 
smoke of battle subsides, is an appropriate time to question old 
traditions now shaken loose before they settle again into fixed 
ideas. A study should be made of the contributions of the sev- 
eral nationalities both as to quantity and quality of productiv- 
ity in each field of learning. The results of such a study of 
the progress of geology are given in this article and the conclu- 
sion is reached that for the past generation America, under 
which name should be included both the United States and Can- 
ada, has held a position of world leadership in that science. The 
order of importance of the other nationalities before the great 
war, taking the progress of the last half century as a measure, 
would be second, the British empire; third, Germany; fourth, 
France ; but Italy, Scandinavia and Russia have also made nota- 
ble contributions. If the place in geology held by the different 
nations be evaluated for the entire nineteenth century the or- 
der, in the opinion of the present writer, would be Great Britain, 
France, America, Germany; Great Britain being easily the 
leader. 

In approaching this subject at the present time we must of 
course be careful in weighing the past contributions of Germany 
not to govern the verdict by the natural tendency to “trample 
them, they’re down.” The subject can, however, be tested in 
part by impersonal standards. Scientists are, as a class, un- 
emotional creatures, and although those of the allied countries 
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unitedly condemn the criminal acts of the paranoiac among na- 
tions, those from whom the writer has secured data have shown 
a marked freedom from emotional bias. The conclusions ex- 
pressed in this article are not new with the writer. In July, 
1914, he had occasion to discuss the superficiality of the wor 
of several German scientists on a certain geological subject an 
to point out their ignorance of the fact that English scientis: 
had reached different and far sounder conclusions a generatio) 
previously. Yet the prestige of a German professorship ha 
apparently blinded many American readers to obvious triviali- 
ties of argument.’ On the other hand, the work of certai: 
other German geologists should freely be recognized as of { 
highest grade, and their writings have marked notable advances 
in thought. 

The broad attitude taken by von Zittel in 1899 is to be con 
mended, as expressed in the following quotation: 

Although the present author of the “ History of Geology ” (von Zittel) 
was asked to depict chiefly the history of the growth of the scienc: 
Germany, the nature of the subject is such that it could not be successfull) 
treated along national lines. All civilized nations have shared in the d 
velopment of the natural sciences, the history of any one of which must by 
to a certain extent the history of a scientific freemasonry. The questions 
of the highest import in geology and paleontology are in no way affected 
by political frontiers, and the contributions to the progress of these stud 
made by members of any nationality can only be appreciated in their tru 
values when held in the balance with the general position of research at 
the time, and with the discoveries and advances made by other geologist 
irrespective of nationality.” 

Although the history of a science, as von Zittel states, car 
not be written with reference to any one nation alone, it is 
quite possible to recognize the relative contributions of th 
several nations. 

In discussing the subject of the sources and tendencies « 
American geology, the first question which arises is as to th 
present content of geology. Every reader will feel sure that h 
knows what geology is, yet it is safe to say that few, excep’ 
active geologists, are aware of the present scope of its subject 
matter and the lines along which research is now being pushed 
The value of such a review as this may lie as much in giving : 
better perspective of the content of geology as in pointing 
the relative contributions of different nations. 

Popular ideas of a science are apt to lag a generation |! 

1Joseph Barrell, “The Status of Hypotheses of Polar Wanderin: 
Science, Vol. XL., pp. 333-340, written July, 1914, published Septembe: 


4, 1914. 
2 Karl A. von Zittel, “ Geschichte der Geologie und Palidontologie bis 


Ende des 19. Jahrhunderts, 1899,” English translation, pp. v, vi. 
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hind the real stage of advancement. In the popular imagina- 
tion, geology is still supposed to consist largely on the one hand 
in collecting and naming rocks and fossils, the placing of these 
in proper sequence, and, on the other hand, theories of a rather 
speculative and uncertain character on the origin of the earth, 
its internal nature, and its history. As a matter of fact, there 
is but little in modern geology at its best which partakes of 
these characters. It has been said that a science in its growth 
passes from embryo to adult through the speculative, qualita- 
tive, quantitative, to predictive stages of development. Geo- 
logic research in the past generation has been passing out of 
the qualitative stage and has partaken notably of the quanti- 
tative character. 

Geology, the science of the earth, is exceedingly broad in its 
scope and has developed into many branches, each of which 
rests more or less heavily upon some other science. From a 
division of natural history, whose early workers had little in 
the way of qualification other than powers of observation, ac- 
quisitiveness and a love of life in the open, it has passed into a 
group of special sciences. The elements of geology can be 
taught with advantage to students who have had no training in 
other sciences, being from the cultural standpoint one of the 
most broadening branches of knowledge, but research in the 
several fields now requires a thorough grounding in other sci- 
ences and such advanced training as is given in graduate 
schools. 

Mineralogy has expanded into petrology. The form, com- 
position and identification of minerals is of less interest than 
the broader questions which rise out of them. Leading toward 
physics, the orderly arrangement of the atoms in the crystal has 
been found to form a diffraction grating incomparably finer in 
spacing than any which could be made in the laboratory. The 
physicist, utilizing this, has solved the nature of the X-rays, and 
in turn this leads to a better knowledge of crystals. On the 
physico-chemical side, the crystallization of minerals from 
molten rocks is a problem of mutual solutions at high tempera- 
tures and is being investigated in the geo-physical laboratory. 
On the more strictly geological side, a mineral is a measure of 
the physical and chemical environment under which it origi- 
nated. The secondary alterations taken in connection with the 
limits of stability of a mineral record the subsequent physical 
history of the rock of which it is a part. Minerals are thus 
geological thermometers and dynamometers. Their relations 
to each other, as seen under the microscope, show the order of 
crystallization; the assemblage, constituting the rock, gives a 
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definite record of environment and subsequent history. The 
mapping of rock types over the earth’s surface proceeds, and 
out of it grow studies on differentiation—the changes throug! 
geologic time in the nature of molten rocks erupted in the sam: 
region. The fundamental relationships found within one : 
gion constitute the problems of consanguinity; by contrast, 1 
unlikeness of different regions in earth composition mark 
petrographic provinces. What are the meanings of differ: 
tiation, consanguinity and petrographic provinces? Such a 
the larger problems of petrology. 

Paleontology, the ancient life history of the earth, vy 
characterized a generation ago by the description and naming 
of species. There was a keen rivalry for priority and explora- 
tions were conducted to obtain new faunas. Almost no atten- 
tion was paid regarding the associations of the fossil with th 
nature of the enveloping rocks, and but little to the exact strati 
graphic level from which it was taken. To-day, in the hands 
of leaders, the description of new species is but an incident 
task. From a keen study of the fossil, the form and habits 
the living animal are inferred. The nature of the rock is us 
to restore the ancient environment, whether marine or terres- 
trial, swamp or arid plain. Fossils are collected and recorded 
foot by foot through a stratigraphic section, permitting th« 
stages in the geographic shifting and geologic advancement 
faunas to be followed. The areal limits of a fauna and the geo- 
graphic distinctions serve as a means of delimiting ancient 
lands, seas and climatic zones. The study of the changes of lif 
with respect to changes of environment and the passage of tim: 
throws valuable light on the causes and character of organic 
evolution. The perspective over long intervals of time gives a 
line of attack which is not possible to the student of living ani- 
mals and plants. Thus the fossil, like the mineral, has become 
a means to an end ;—those ends look toward a knowledge of the 
thing, a knowledge of its environment, a knowledge of causes 
and effects through vast periods of time. 

Stratigraphy formerly consisted in but little more than 
measuring the thickness of sedimentary formations and map- 
ping their areal extent. Formations of different regions wer: 
correlated by means of fossils and the sequence of the periods 
established. All sediments were assumed to be deposited in the 
sea, except such as contained remains of terrestrial organism 
and were entirely devoid of those of the sea: such formations 
were regarded as deposited in lakes, although the fossils wer' 
commonly those of land plants and animals. This stage of de- 
velopment is now looked upon as merely having laid a ground- 
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work for the investigation of broader problems. The interpre- 
tation of the mode of origin of the sediments was narrow and 
conventional. At the present time, by contrast, the terrestrial 
deposits on broad river flood plains and deltas are seen to con- 
stitute an appreciable part of the geological record. Glacial 
débris in many older formations shows the recurrence of cold 
since very early geologic periods. At other times beds of salt 
and gypsum show widespread aridity. Each type of climate 
and topography is seen to be reflected in the nature of sedi- 
ments. Through stratigraphy is thus built up the succession 
of past environments which paleontology peoples with living 
plants and animals. Between them these branches of geology 
are re-creating the geography of all the yesterdays, a subject 
taking form under the names of paleogeography and paleo- 
climatology. 

During the past quarter century structural geology has 
grown to be a branch of large importance. It comprises sev- 
eral fields. That best known deals with the results of the forces 
of deformation acting upon older rock masses. Joints, faults, 
folds, schistosity are the expressions seen in a limited exposure. 
The merely descriptive stage of investigation is past. The 
faults must be classified into systems, their displacements as- 
certained and the position of severed portions of valuable ores 
located. Folds are analyzed into different orders of magnitude 
and the determination of the folded structures has led to the 
opening of iron deposits valued at many millions of dollars. 
The theories of deformational geology must thus meet the tests 
of verification and this necessity has stimulated the develop- 
ment of a quantitative accuracy. But this division of struc- 
tural geology is the smaller part of the field, that dealing with 
details in the outermost crust. Passing to a larger scale, th 
nature of mountain structures has been greatly elucidated. In 
the past twenty years French geologists have given a new inter- 
pretation to the Alps based on great horizontally acting over- 
thrusts. Vertical forces, uplifting faulted blocks, or warping 
upwards tracts which had acquired their mountainous struc- 
tures long previously are found to be also fundamental as 
causes of mountain growth. The reasons for the existence of 
continents and ocean basins and the amount of their changes 
through geologic time is a still larger field of theory on which 
only a beginning has been made. Finally, geophysics is that 
field of structural geology in which precise geodetical and as- 
tronomical measurements are throwing light upon the distri- 
bution and character of density and rigidity through the crust 
and the deeper body of the earth. The ultimate causes of earth 
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structure are thus to be sought through the character of the 
insensible vibrations from far distant earthquakes and through 
precise measurements obtained by observations on the stars. 

Physiography is a division of the new geology which | 
only feeble representation in the previous generation. This, th 
science of the earth’s surface, consists of a study of forms and 
causes. It embraces the effects of surface activities, a fi 
known also as dynamical geology, and seeks through them t! 
causes of the forms of the lands from the smallest to the larg 
features. In the middle of the last century valleys were s* 
supposed to be determined by rifts and depressions in the crust, 
although Hutton and Playfair had shown clearly long befo: 
that the valleys were carved by running water. The existing 
mountain ranges were regarded as elevated at the close of th 
period of the youngest formation entering into their structure 
and were thought capable of enduring in subdued form through 
all of geologic time. 

The beginning of the present development rested on the 
recognition that erosion by rain and rivers carried to the limit 
would result in a surface nearly plane cut across all rock struc- 
tures and developed near the level of the sea. Davis, thirty 
years ago, named such an ultimate land form a peneplain. Dis- 
tinguished by a name, they were then recognized, though now 
uplifted and in various stages of destruction, in many mountain 
regions. A new means had been found of studying mountain 
history. Uplift initiates a new cycle of erosion with respect 
to a new baselevel. Applying this principle, a landscape is now 
interpreted as but one stage in a sequence of forms, passing 
from some initial stage of uplift toward a featureless plain of 
erosion lying at the level of the sea. Geologic time is seen to 
be so long in comparison with the time needed to level the lofti- 
est mountain range that folding and uplift must have occurred 
again and again since the earliest ages in order to provide 
sources for the sediments which have built up the stratigraphic 
series. The present upland and valley forms show in every 
continent from the youth or early maturity of the present ero- 
sion cycles that the world is girdled with very young moun- 
tains, even where their rocks and structures are very ancient. 
The present geologic period is consequently seen to be one of 
profound terrestrial revolution, a conclusion of high impor- 
tance in our understanding of the earth and the relations of 
man to his dwelling place and the causes which gave him birth. 

Lastly there has grown to high importance the branch of 
economic geology. This was formerly regarded as consisting 
in a description of ore deposits and building materials accom- 
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panied with statistics of production. That original field has 
become only one section of the subject. Economic geology has 
recently been defined by the director of the United States Geo- 
logical Survey as “useful geology.” Another definition expres- 
sive of its content and purpose is that economic geology is ap- 
plied geology. Pure science, the search for new knowledge for 
its own sake and without thought of its applications, becomes 
applied science in the most unexpected ways. Every division 
of geology has contributed to the advancement and expansion 
of economic geology. Petrologic and chemical geology, stratig- 
raphy and physiography, all lead to the study and conservation 
of soils, the basis of agricultural wealth. The working out of 
stratigraphy and structure permits intelligent search for the 
stores of underground water, the most valuable of minerals in 
many parts of the national domain. A knowledge of the struc- 
ture and character of the foundation rocks can be given by the 
geologist to the engineer and military chief, of great importance 
toward the success of foundations, dams, roads, canals and 
military works. A knowledge of stratigraphy and structure 
has led to the discovery of coal basins concealed beneath 
younger strata. Hundreds of young geologists are now being 
employed by the great petroleum companies to study the stratig- 
raphy and structure mile by mile over great areas of country 
in the search for mineral oil. Mining geologists are now re- 
tained permanently on the staffs of many large companies to 
study and map in detail the relations of complex ore deposits 
as a guide to more intelligent development in mining. Physiog- 
raphy also is making its contribution to the location of copper, 
manganese, and other deposits; since where these have been 
concentrated through the agency of circulating underground 
waters the recognition of the former stages of erosion serve as 
a guide to present location. Other geologists are employed on 
state and national surveys, classifying lands, discovering and 
mapping the areas of valuable deposits such as coal, iron, pot- 
ash, and phosphates for the benefit, now and in the future, of 
all the people of the nation. A higher field of economic geology 
is that of the conservation of national wealth. It is not an over- 
statement to say that the future welfare of mankind through 
unnumbered centuries yet to come depends upon the spread of 
education in regard to the limitations of mineral wealth and 
the development in the national consciousness of the creed that 
each generation holds the treasures of the earth in trust for 
the future, to be used but not squandered by the temporary 
trustees, 

Let us turn from this survey of the present viewpoints of 
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geology to a review of its growth and note whence have come 
the fundamental ideas which from generation to generation 
have expanded its fields of theory and usefulness. 

Speculations on the origin and history of the earth on 
formed a favorite theme for philosophers. Omitting from con- 
sideration the ancients, such men as Descartes and Leibnitz 
devised theories of cosmogony which represented advances in 
thought; but such systems of philosophy, not founded on field 
observation and inductive reasoning should be sharply distin- 
guished from the science of geology. A science rests upon care- 
ful observation, classification of observations, framing of hy- 
potheses to relate the facts to each other, and testing of th 
hypotheses by further observations. There must be both in- 
duction and deduction, for the groundwork of geology to justify 
its name must rest on a patient study of the earth. The grand 
schemes of the cosmogonists, notwithstanding their stimulation 
to thought, perhaps served more to retard than to aid the devel- 
opment of real science. In the latter half of the eighteenth 
century geology became firmly established on a groundwork of 
fact as a result of the labors of a few men in France, Italy, 
Germany and Great Britain, of whom the philosophers took no 
recognition. Guettard, Demarest, Arduino, Lehmann, Fiichse!, 
Smith and Hutton are the men who stand forth, but the great- 
est of these was Hutton. 

Hutton, regarded as the founder of modern geology, was 
born in Edinburgh in 1726 and died there in 1797. He held no 
university position but pursued his investigations solely from 
their inherent interest. He did not publish his views unti! 
1785, and beyond the circle of his friends they attracted little 
attention until after Playfair in 1802 published his classic vol- 
ume, “The Huttonian Theory of the Earth,” in which he con- 
densed and clarified the work of his friend into much more 
readable form. Hutton saw the evidence that the great masses 
of granite which so commonly underlie the stratified rocks had 
originated by crystallization from a melted state and had risen 
in molten form into the outer crust from the depths of the 
earth. The folding, upturning, mashing and crystallizing of 
the sedimentary rocks he saw was due to the vast forces within 
the crust aided by internal heat. Great crust revolutions result- 
ing in the uplift of mountains were followed by prolonged 
weathering and erosion of all rocks above the level of the sea. 
New sedimentary formations from the débris of other lands 
were then laid down across the eroded edges of the rock forma- 
tions of an older world. The forces now in operation he held 
were capable through unlimited time of effecting these stupen- 
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dous results, time and time again. Back of each older world 
were the ruins of a world still older. In Hutton’s words, “ we 
find no vestige of a beginning—no prospect of an end.” 

These magnificent conceptions were not cosmogonic specula- 
tions, but were founded on close and prolonged observations. 
They were generalizations which had been seldom glimpsed 
and never before clearly seen or proved through two thousand 
years of intellectual endeavor. Because the Huttonian theory 
of the earth was distinguished by giving an important place to 
the heat and deforming forces of the inner earth, those who 
accepted Hutton’s ideas were called Plutonists. 

Twenty-three years later than Hutton the mineralogist 
Werner was born in Prussian Silesia. In 1775, at the age of 
twenty-six he was appointed inspector and teacher of mining 
and mineralogy in the Freiberg Mining Academy. For forty- 
two years he continued in this position and was throughout 
that time enthusiastically regarded by those who listened to his 
lectures as an oracle on the history and rock formations of the 
entire earth. To this subject he gave the name of geognosy 
and his students went forth with the fervor of disciples to 
spread his doctrines. With a personal knowledge limited to 
Saxony and Silesia he nevertheless advocated with dogmatic 
conviction the idea that the rock formations shown there were 
universal in their extent and occurred everywhere in the same 
definite order. He did not believe that any rocks originated 
from the molten state. Volcanoes were to him nothing more 
than local and superficial outbreaks, the results of the burning 
of coal beds. The oldest and underlying rocks, showing a crys- 
talline structure such as granite and gneiss, were classified as 
Primitive and asserted to be the precipitates from a primal 
universal ocean. Their crystalline nature was held to be a proof 
of this aqueous origin. Above the Primitive came the Transi- 
tion series, followed by the Fleetz rocks, partly of chemical ori- 
gin but in which mechanical sediments began to dominate. 
Coal, basalt, obsidian, porphyry, etc., were included in the 
Fleetz series as chemical deposits. Werner offered no reason- 
able explanation as to what became of the primeval universal 
ocean and he opposed all conclusions which rested upon the 
action of internal heat or deforming forces. He would not ad- 
mit that mountains had been elevated or strata folded. From 
the disbelief of the Wernerians in the internal agencies of the 
earth and their assertion that all crystalline rocks had been 
precipitated from ocean waters they were named the Nep- 
tunists. 

One of Werner’s pupils, Robert Jameson, became professor 
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of natural philosophy in Edinburgh, the very home of Hutton 
and Playfair, whose work Jameson treated with contempt. 
For several decades, up to the time of Werner’s death in 1817. 
his system of geognosy was dominant. A bitter warfare was 
waged between Plutonists and Neptunists, characterized on the 
part of the latter by provincial ignorance, dogmatic assertion. 
arrogance in place of demonstration. But the accumulation of 
incontestible facts undermined the morale of the system, showed 
that it was false from the foundation upward, and within a few 
years after Werner’s death the whole had collapsed like a hous 
of cards. Von Zittel in his excellent and impartial “ Geschicht 
der Geologie und Paliaontologie” states that the errone 
views held by Werner appreciably retarded the progress of 
geology, and in Germany after the collapse of his system th: 
science of the earth seemed for a time to make no progress." 

Werner’s real contribution lay in his orderly classificati 
of minerals and rocks. Hutton’s contribution on the other hand 
was nothing less than the establishment of the broad scienc 
of geology on a secure foundation. 

The wide proclamation of Werner’s system contrasted to th: 
lack of advertisement of Hutton’s is perhaps significant of the 
difference in national characters and is seen to show a certain 
parallelism to the developments of science and to the German 
propaganda a century later. The diverse racial stocks which 
made up the German empire, notwithstanding their belief in 
racial unity and superiority, have resulted in a wide range of 
temperament and ability, but Werner the Prussian is typical! 
of the dominant national tendency to classify, to systematize, 
to consider this as the field of science, and with arrogant dog- 
matism to either discount or appropriate fundamental ideas 
originating elsewhere. A similar spirit has been sporadically 
manifested by individuals of other lands, but never with that 
frequency which would permit its development into a domina- 
ting national characteristic. 

Near the close of the eighteenth century and opening of the 
nineteenth an era of scientific exploration set in. Three Ger- 
mans—Pallas, von Humboldt and von Buch—were most note- 
worthy, Pallas being employed by the Empress Catharine of 
Russia, von Humboldt and von Buch being men of independent 
means. The energy and ability of these men contributed very 
much to a knowledge of the world, but to geological theory they 
themselves added comparatively little. The real growth of geo!l- 
ogy in the first third of the nineteenth century was largely in 
Great Britain and France. The advance is represented by the 

8’ Pp. 48, 427, English translation. 
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appearance of manuals in French, German and English, culmi- 
nating in the English works of De la Beche and Lyell, books 
which may be studied with profit even at the present day. The 
work of Cuvier and Brongniart had in France established pale- 
ontology during this same interval as a progressive branch of 
science. 

With the opening of the second third of the nineteenth cen- 
tury the United States began to make notable contributions to 
geology. The initiation of state geologic surveys between 1830 
and 1840 and of the Canadian surveys shortly afterward began 
an era of systematic and detailed scientific exploration in North 
America which in this regard led the world. In this same mid- 
dle third of the century Darwin went on the voyage of the 
Beagle, and Dana as geologist and zoologist on the Wilkes ex- 
ploring expedition. The geologic history of India, South Africa 
and Australia began to receive attention. In England Sedg- 
wick and Murchison established the larger divisions of the 
Paleozoic era and in New York the detailed stratigraphy was 
worked out, with the result that locality names from England 
and New York dominate in the nomenclature of the Paleozoic. 

In the field of theory Lyell established beyond controversy 
the principle which lies at the basis of all geologic science, that 
the past is to be interpreted by the study of causes now in 
operation. Elie de Beaumont in France, Dana and Hall in 
America, placed the theory of mountains upon a secure founda- 
tion. Bischof in Germany in his admirable text book of chemi- 
cal and physical geology, published in 1846, made that country 
a leader in the division of geo-chemistry. From 1850 to 1858 
the British geologist, Sorby, developed the methods for the 
microscopic examination of rocks. This through the German 
geologist Zirkel led to the great development of modern petrol- 
ogy which for the following twenty-five years, transplanted 
from England, became a distinctively German branch of sci- 
ence. Last, but not least, is to be mentioned the work of Charles 
Darwin which established the existence of organic evolution 
upon an unassailable basis. 

In the last third of the nineteenth century appeared from 
Vienna the great work of Suess on “The Face of the Earth,” 
welding into one treatise the geologic literature of the world 
and developing new views on the nature of continental and 
mountain-making movements. In Scotland the existence of 
great overthrust faults was demonstrated by British geologists, 
it being proved that ancient crystalline rocks had been shoved 
for more than ten miles over younger stratified formations. In 
France, before the end of the century, a new interpretation of 
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the Alps, of wide application over the earth, began to be con- 
ceived. Folding was <een to have passed into great overthrust 
sheets and erosion to have later cut these into remnants, leay- 
ing on the north side of the Alps mountains whose rocks had 
been deposited in previous ages far to the south, mountains 
without roots as they have been picturesquely called. 

It was in America, however, that from 1867 to 1900 th 
greatest expansion of geology took place. After the close of 
the Civil War, under the auspices of the government, a grou; 
of young men of remarkable energy and ability began the sci- 
entific exploration of the western United States. The names 
of Powell, Dutton and Gilbert stand out above a worthy com- 
pany and came to be known to geologists through both hemi- 
spheres. Their work laid the basis for the new science of physi- 
ography, developed so largely by Davis, which for the latest 
geologic epochs reveals the detailed history of the lands as th: 
sequence of stratified rocks does for earlier ages. In the central 
part of the continent Chamberlin was establishing during this 
period the complexity of the Pleistocene, Irving and Van Hise 
were applying new methods and by them unraveling the struc- 
ture of the ancient iron-bearing rocks of the Lake Superior 
region. In the field of paleontology Cope and Marsh explored 
the Tertiary and younger Mesozoic rocks of the west and 
brought forth from their stony tombs a legion of extinct verte- 
brates whose march across the stage of time made visible be- 
yond question the story of their evolution. 

Measured by the activity of its workers, by the immensity 
of its field, by the contribution to new ideas, it appears that by 
the year 1890 North America had taken a place of world lead- 
ership in geologic science. In the twentieth century, through 
many able workers in Canada and the Lake Superior region, 
our knowledge of the earlier geologic ages previously grouped 
under the name Archean has become expended into a complex 
history comparable in number of events and in duration to all 
subsequent time. A corresponding history has been worked 
out for their portion of the world by Scandinavian geologists. 

With the increased knowledge of terrestrial processes as 
exhibited in continental interiors it has been shown by British, 
German and American geologists that the character of the 
topography influences the nature of the sediments, important 
formations are laid down in river basins and in deltas as ter- 
restrial deposits. The first recognition of this importance of 
terrestrial deposition is to be credited to the British geologists 
in India. Wind has been shown by von Richthofen, Pumpelly, 
Walther and Passarge to play an important part in transporta- 
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tion, but some time before Darwin made note of the enormous 
quantities of dust swept into the Atlantic from the Sahara. The 
winds on the Indus delta were shown half a century ago to b« 
as important as the river currents. Desert dunes are the waves 
of a migrating sea of sand. Eolian transportation and deposi- 
tion is now given a large place in geologic theory. Climate is 
seen to be a major factor in controlling the character of even 
fluviatile and marine sediments, determining their structure 
and their content of iron and carbon. This more precise knowl- 
edge of the present has made possible a revision in that inter- 
pretation of the past which is derived from the study of the 
stratified rocks. Frequent breaks in sedimentation have been 
shown, chiefly by American geologists, to occur throughout the 
stratigraphic series, the larger of these, representing oscilla- 
tions from sea to land and back to sea again, give rise in the 
strata to unconformities and disconformities. All of this new 
knowledge, most largely of American origin, is giving a clearer 
view of the oscillations of land and sea, of humidity and aridity, 
of heat and cold, and is establishing, as previously noted, two 
new divisions of historical geology—paleogeography and paleo- 
climatology. 

The application of geology to the service of man, the field 
of economic geology, has undergone also a great expansion dur- 
ing the past generation, chiefly in America. Recognition of the 
usefulness of geology must result in advantage to the entire 
subject. It tends to draw more men into its ranks, it brings 
to the work a greater political respect, and from the ranks of 
the younger geologists who are able to win a living in useful 
geology will develop those capable of advancing the theoretical 
aspects of the subject. 

Having given this survey of the past progress of geology, 
let attention be turned toward its probable future. The center 
of the greatest advancement during the next generation should 
be in North America. The preliminary survey of this conti- 
nent has already been made. To men of limited vision it may 
have seemed that nothing of a large nature remained to be 
done. As a college student once said—he did not care to go into 
geology because since Dana had written his manual nothing 
remained to do except to fill in the details. Those engaged in 
research on the larger problems, however, are thankful that the 
continent has been studied and mapped to the present degree, 
since this preliminary work paves the way for an ever-expand- 
ing field of higher research. Such investigation must go hand 
in hand also with a more detailed and critical mapping which in 
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the United States alone bids fair to engage the energies of 
geologists for a century to come. 

Another large field for the employment of geologists is as 
teachers in the universities. In the larger institutions of !earn- 
ing geology is recognized as of high cultural value, comparab|k 
to biology, serving to expand the mind of the student as do few 
other subjects. The history and nature of the earth and its 
inhabitants is an appropriate background for the understand- 
ing of the history and nature of man. 

But although the preliminary geological survey of North 
America has been made, a considerable part of the land surfac: 
of the world is as yet imperfectly known. South America, es- 
pecially, is a continent regarding which there is much to learn. 
Geological instruction in our graduate schools should be elastic 
and comprehensive enough to serve as training for men to work 
in other lands. Modern languages must be insisted upon as 
prerequisites for the higher degrees, not only as means of gain- 
ing access to the literature of other nations, especially France, 
Germany and Italy; but also as a means of facilitating research 
beyond the bounds of the English-speaking world, in such lands 
as South America, Siberia and China. The limitations of time 
forbid the requirement of more than two modern languages, but 
some knowledge of three or four would for those of natural 
linguistic abilities be of distinct advantage. 

Another region which is as yet almost a terra incognita 
but which is open to future research is the great interior of the 
earth. A beginning has been made through geodesy, seismo]- 
ogy, the geophysical laboratory, the nature of igneous rocks, 
and the forces which express themselves in deformation of the 
crust, but there is as yet much difference of opinion as to even 
the major conclusions. No secure knowledge can be had, how- 
ever, as to the larger problems of the earth, such as its mode of 
origin, the source of igneous rocks, the causes of continents and 
ocean basins, until more is known with certainty and in detail 
of the earth’s interior. This perhaps is the most difficult field 
of geologic science, requiring organized attack through the 
funds of institutions for scientific research, but it is a field 
whose tillage will yield rich returns. 

This survey of the present standing of geology has been 
necessarily brief. Important subdivisions and fields of research 
have been wholly omitted, but the purpose of the article has 
been accomplished if it has shown in true perspective the con- 
tributions of different nations to the growth of geology, the 
branching out which has taken place from the parent trunk, 
and the resultant wide scope for future research in the science 
of the earth. 
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THE PRINCIPLES AND PROBLEMS OF 
GOVERNMENT 


By P. G. NUTTING 


N living up to its possibilities, the chief ends to be secured 
by a sovereign state through the national government ari 
national stability, strength and progress. Its chief problems 
relate to ways and means of securing these objectives. Some 
of these problems have been fairly well solved, others cry aloud 
for solution. Let us examine them from the standpoint of the 
engineer—applying fundamental principles to the general prob- 
lem and to the more vital individual problems. 

1. National Stability—National] stability requires that na- 
tional authority be absolutely supreme over that of any indi- 
vidual or organization—political, commercial, religious or pro- 
tective, within its jurisdiction. Each such organization or 
individual must regard the interests of the nation above its 
own. No mere confederation of states can possess stability 
unless individual states recognize the supreme authority of the 
nation. No nation can be stable if a strong commercial organi- 
zation, such as a food trust, is so powerful as to be able to defy 
its authority. The same is true of a labor organization. Some 
few religious organizations have not always subordinated their 
interests to the interests of the nation, or else have wrongly 
identified their own interests with those of the nation. Many 
political organizations have placed party interests above those 
of the public at large. All such conditions constitute a menace 
to the stability of the nation as a whole. 

While a nation can not be inherently stable without supreme 
authority, it can not attain the maximum of stability without 
denying every special privilege to every class, individual or 
organization. Not only must every organization, class or indi- 
vidual recognize the supreme rights of the nation, but equality 
of rights with its fellows. Any preferential treatment any- 
where must lead to instability. From time to time aggregations 
of wealth have claimed special privileges, causing threats of 
upheaval. At present, the greatest menace to the nation ap- 
pears to be in certain labor organizations which claim special! 
privileges by encouraging and defending such crimes as mur- 
der, theft and the destruction of property when committed by 
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their own members against outsiders. The very attitude of on 
law for us, another for the outsider, can not be tolerated. Th 
abolition of special privileges means equal rights and privileg: 
to all and the enforcement of law without regard to wealt 
class, race or organization. While equality of rights, in t} 
sense, was expressly recognized and guaranteed in our cons 
tution, it has never been completely established. Its establis] 
ment to the very letter offers many serious problems, but 
essential in securing stability. In their attitude toward author. 
ity, efficient democracy and autocracy are alike, but in relatio) 
to special privilege they stand at opposite extremes as they d 
also in regard to the source of authority. 

Every nation has its own peculiar problems in special priv 
leges to solve, for in no nation have these been entirely elin 
nated. In some cases it is inherited class privilege, in othe: 
race and in still others organized labor—all more or less int: 
woven with special privilege exercised by wealth or politica 
machines. Church domination has been a burning issue in th 
»ast and still is an issue in some nations. Both labor organiza 
tions and capitalists quite generally claim special privileges and 
each class is desperately striving to reduce and circumscrib 
those of the other class. American, British and Russian labor 
organizations fail to understand each other or to act together 
since the issues before each are essentially different. Each 
would be a tower of strength to its national government if each 
aimed and strove merely for the entire abolition of privilege. 

While the complete abolition of special privilege is clear}; 
a necessary and sufficient condition for national stability as a 
principle, yet the application of that principle in separate cases 
is not so obvious. Individual equality of rights before the law 
is one of the simplest and earliest recognized. Whether to 
workman or millionaire, master or servant, Jew or Gentil 
black, yellow or white, party henchman or opponent, the lav 
must be administered without personal or class favor. The 
principle is nearly as old as the human race, but even to-day, in 
America, the police and the lower courts are not entirely b« 
yond the reach of personal influence. Equality of rights be- 
tween corporations and between individuals and organization: 
has not yet been so clearly defined as between individuals, v 
the same principle applies. 

A very difficult problem of the near future in practically a! 
nations concerns the abolition of special privilege in proper? 
rights. Labor is everywhere disputing with capital the as- 
sumed right and privilege of the latter to the sole dispositi: 
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profits. Strikes, walkouts and widespread socialism are e\ 
nce that no rational, acceptable general solution of the prob- 
m has been reached. Labor desires remuneration without 
esponsibility, hence requests a higher wage and shorter hours. 
Dut 1n 


ost large corporations is amply safeguarded against loss. 


apital has generally accepted responsibility for profits, 


Sut profits depend primarily upon good management and wher 
ich management is vested in salaried experts, these are en- 
itled to such consideration as is accorded labor and 
Equity in this case evidently demands that profits go 

ho must shoulder responsibility for losses, but sinc 
sponsibility is variously apportioned in different organi 

o general solution of the problem appears possible. 

The special privilege of one class to live in idleness 
expense of another class—an inheritance from feudal 
is still assumed in many countries and is the basis o 
spread unrest. Such a privilege has not even a 


oundation since statistics show that leaders are bor 


ally equally in all classes. A partial solution of 
nvolves the abolition of hereditary titles, a high tax on incomes 


\ 


not under the expert direction of the owner and a 
confiscatory inheritance tax on inheritances not 
pendent heirs. 

2. National Strength. While national stabi 
largely from the elimination of misdirected static 
tional power is due largely to bulk of resources and to effi 
administration. The resources that are effective in 
only natural resources such as mineral and agricultural, 1 
and fisheries, but financial and intellectual resources and labor. 
The strength that lies in each may be great or little according 
to its conservation, development and utilization. These of 
course depend largely upon wise administration, direct 
cases, and through commercial and industrial organi 
others. It is the essential function of administration, 
ing the general welfare, to see that the most possibl 
of resources of all kinds. Comprehensive surveys « 
resources while other departments regulate utilizati 
nomic readjustments being made from time to time when ne¢ 
essary. Any one of the classes of resources above mentione: 
may range in value from absolute waste up to at le: many 
times its worth at the present time, according it 
nandled. 

The vital factor in making the most of our resources is of 
course expert direction. A poorly managed industrial organi- 
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zation will rapidly decline, but a poorly governed country 
persist through its sovereignty. However, if a country 
live up to its possibilities, it must adopt the methods of suc 
ful industrial plants and have every important departn 
managed by an expert. Administration consists essential! 
solving an endless series of special problems. It calls for 1 
services of engineers of all kinds, men who are at once t} 
oughly versed in the fundamental principles of their respect 
lines and experienced in the practical application of those p 
ciples. Some of these applications involve only routine rep 
tion of previous applications. Others require study and in) 
tigation to determine which principles are applicable. 
others involve the most difficult research by master minds 
the very fundamentals of the subject to uncover new princi} 
Hence the labor of administration ranges in quality from n 
clerical and statistical work to fundamental scientific resea) 
in biology, psychology, geology, chemistry and physics. T) 
experts required must be for the most part developed with 
the service itself after receiving a thorough preparatory trai) 
ing in the best appropriate educational institutions. Obvious 
selection for the higher positions should be on the basis of 
ness alone. 

Both strength and stability require the coupling of auth 
ity and responsibility in proportion. The fatal defect in t} 
so-called representative system of government is that whil 
may delegate authority it does not fix responsibility. Our of! 
holders are not in office as a life work, with success or fail 
in life depending upon the wisdom of every decision. The 
have little to lose by mistakes and little to gain by a wise a1 
faithful performance of their duties since they are quite lik« 
to be superseded at any election. It is obviously the wise cours 
to put the best experts available in every position of authorit 
place entire responsibility for their work upon them and lea\ 
them there until called to a higher position or until replaced | 
ene more fit. It is doubtless possible to secure al! the adva: 
tages of an autocratic government together with those of 
efficient democracy by the wise selection and promotion of e) 
perts in administration. Democracy requires only that 
ultimate authority rest directly with the people. A governm 
with experts in authority, each assuming full responsibility 1 
his work and subject to the ultimate authority of the peo} 
represents the highest ideal of a republic. 

Before proceeding to the discussion of factors in natio! 
progress, it may be well to consider a few of the greater ! 
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yal problems involving stability and strength, : 
necial privileges have been abolished, that the best 
xperts are in authority and that each is saddled with a respon- 
bility that will bring forth his best efforts. One of the great 
st of these problems concerns the relation of the government 
1ational means of communication, information and trans 
ortation. The objective in each case is of course the maximum 
f public service at a reasonable expense. Etficien lepends in 
ach case upon good management and wise exp 

matter of ownership has little to do with either. 

ults have been attained under private ownershiy 
ettributed rather to better administration by bett 

ecured by means of higher salaries and bette 

selection and promotion. On the other hand, go 

ministration has secured better coordination of ef 

interests of the public doubtless demand nationa 

control of a more intimate nature than the occasional 

f ultimate authority. 

Another great national problem relates to the best 

of exercising ultimate authority by the people. In this problen 
are involved radical modifications of our present law-making 
and executive systems. Useful and effective laws could doubt 
less better be drafted by small bodies of well informed, experi- 
enced specialists in law drafting, men capable of correct 
analyzing conditions to be remedied and of devising and fram- 


ng laws for their alleviation than by unwieldy bodies of inex 
perienced delegates. For purposes of ratification, it is possible 


that Congress and the various state legislatures would serv 


better than frequent general elections in carrying out the will 
of the people. With administrative offices filled by appoint- 
ment, partisan politics would largely disappear. The natura 
political parties are the conservative and the progressive and 
these are sufficient for all practical purposes in determining 
whether or not to take any new step contemplated. In our in- 
dividual policies, the question constantly arising is whether or 


are 


not to undertake some suggested line of activity and we 
progressive or conservative according to the resultant of the 
political forces influencing us. The origin of each suggest 

is of very little moment. 

Representative government, as at present constituted, 
but a weak and inefficient makeshift at best. It secures ulti- 
mate authority for the people, but in avoiding the evils of class 
autocracy has left us at the mercy of political bosses and ma- 
chines. We have clean elections as a rule, but no means of 
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securing the best men available for the positions to be f 
Although open to objection, it would seem far preferab| 
have executives selected by some higher executive or boar: 


promotion according to demonstrated ability than to childis} 

leave that selection to self-seeking politicians having no 

gated authority and entirely without responsibility to the st: 

if it will but purge itself of special privilege—whether of bi) 

wealth or political organization—democracy is sure to exh 
i 


administrative strength far in excess of that of the best dey 
imperialism. 

3. National Progress.—The administration of the affair 
a nation should not only secure a maximum of stability 
strength, but should direct the utilization of resources towa 
the greatest advance along all lines worth while. Obvious 
we are to make the most of our resources, those resources sh 
be surveyed and studied with a view to their development 
the greatest ultimate good of the nation as a whole. If wi 
neglectful of means of progress, we are sure to be outdista) 
in time by nations which are progressive. 

Our great administrative departments and bureaus ha 
been created in recognition of just these national requirement 
While leaving something to be desired in coordination and 
ficiency, in the main they fit our needs and render exc: 
service. A few, such as the Census Bureau, the Geological S 
vey and the Coast Survey, are engaged mainly in gath: 
information. The majority are concerned chiefly with the 
servation and development of resources. Others look after 

yal welfare through safeguarding public health, providir 
communication, national defense and transportation and reg 
lating immigration, commerce, labor, banking, industrial 
ganization and finance. 

It is patent to every one that this work calls for the serv 
of specialists and that greater results will be more efficient 
obtained the greater the technical knowledge, skill and appii 
tion of those specialists and the less the interference with th 
work by laymen. The nature of the work ranges from 
nurely administrative and clerical to scientific work of the n 
advanced and difficult nature. A considerable part of it has t 
do with the application of fundamental scientific principles 
difficult technical problems and this involves a vast amount 
research work. The government machinery should be such tha 
the services of the greatest specialists in the country could | 
obtained and retained to carry on this work. 

As it is, quite a number of the departmental bureaus a1 
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aded by civilians chosen for their fitness alon 


r their competency. These are doing excellent servi 


rs are headed by political appointees or staffed by henchmen 
ind are examples of what should never be tolerated. Some 
ave clear-cut fields of activity while others are sadly in need 


reorganization and of coordination with bureaus engaged 


milar lines of work. Some lines of government work urgent! 
eeded have never been undertaken at all. Some bureaus e1 
gaged in technical work lose annually to the industries f 
twenty to fifty per cent. of their staffs—as large a percenta 
1s a university. To meet this condition it would seem advi 
ble to organize such departments as a sort of grea 

iniversity to draw greater numbers of choice resear 
roviding more timber from which to make up losses ; 


? 
\ 


which to choose specialists for the higher positions. 
A serious defect in many bureaus, resulting in far | 


the best possible service to the public, comes from lack of 


Many industries, for exampl 


contact with the public needs. 
would call on the government for expert advice and assistan 


it is not obtainable. On the other hand, 


but for the fact that 
the government has not made provision to meet 

chiefly because they were not made. It is precisely the dilemma 
The government should pro- 


such demands 


of the repairs to the leaky roof. 
vide for actual rather than expressed needs by 
strong, consistent, well-coordinated departments. 

A number of important fields of general welfare, 
quite neglected by the government, might well be under ji 


building uy 


nearl\ 


supervision and control. Conspicuous among these is educatiot 


—mental, physical and moral. 
left to the several! states, is in fairly good shape but higher e¢ 


Common school education, now 
lu 
cation has been left to a large number of independent colleges 
and universities with but little even of unity of plan or purpos« 
and to a considerable extent competitive. It is the obvious dut 
of the government to assume the leadership in this matter, re- 
taining in its services the greatest specialists in the country 
setting standards and conducting researches in methods of in- 
The practical education of the pu 
and motion pi 


). 


struction and management. 
lic through newspapers, magazines, lectures 
tures is left entirely to the private enterprise of money seek- 
ers. Physical education is left almost entirely to the instincts 
of the individual. Moral education is left to parental instrue- 
tion, widely varying in quality and quantity, and to various 
th each other. 


religious organizations more or less at war wi 
tive and with 


With the national welfare as its avowed objex 
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ways and means fairly obvious to those responsible for s 
ing it, the really difficult problem is the judicious limitatio 
governmental activities to avoid stultifying paternalism in 
regulative functions and interference with private interests 
assisting the industries. In the past we have undoubtedly err 
in doing too little, partly from principle but mostly throu, 
lack of expert knowledge. But with the pioneer period p: 
and marked general tendencies developed in accord with e 
ditions as they exist and are likely to persist, the time has co 
for a firmer grasp of our national destiny. We must do m 
than merely safeguard constitutional rights and trust to ind 
vidual initiative. We must exert ourselves to the utmost 
secure our national strength, stability and progress. In d 
ing with immigration, public health and education, for exan 
ple, we must not be too tender of individual rights and p 
leges. In its relation to the agricultural, mining and manut 
turing industries, the role of the government is not only 
of the leading authority but of technical adviser, stimulator ar 
regulator as well. Industrial development will mainly fo 
the lines of commercial interest with little regard to either t} 
general welfare or to the distant future. 

Among the most difficult of national problems are those c 
cerning the relation of the nation to organizations—industria 
financial, political, religious, labor and racial—within it. Na 
tional stability requires that national authority be supreme ove 
every internal organization, whether that organization b 
state or group of states, a power trust or group of related inte! 
ests, a religious or racial organization attempting divided 
legiance or a protective association of individuals. Nationa 
strength requires that all such organizations be devoted 
general welfare rather than to selfish class interests. Nationa 
progress requires that their activities be carefully directed 
either by their own officers or by the national government a1 
freely regulated by the government whenever necessary. 

To secure such results, very little efficient constructive leg 
islation has been enacted. While laws regulating the activities 
‘f individuals are abundant and effective, the corresponding 
laws dealing with organizations are few and ineffective. Th 
Sherman Law, dealing with industrial organizations, is a con- 
spicuous example. This law aimed to protect the people fron 
extortion by monopolies. Secret agreements have nullified a 
attempts to restore competition. Efficient production has bee! 
hampered and the public has not been protected against ove! 
charges. Natural and useful combinations have been drive 


; ; 
LO me 
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secretiveness and evasion. The nation should 
rmation of strong effective commercial and manufactur 
rganizations, provided only the government keep a firm hand 
n the helm and secure for the public a reasonable proportio1 
f the benefits derived from organization. 


Another class of organizations are striving not so much for 


aterial advantage as to dominate the nation for the advantage 


lass. These are the mos 
] 


ia particular race, religious sect or ¢ 1 
nsidious and the most difficult to dea 
yunded on the principles of complete civil, religious and polit 

freedom, tolerance and equality. That very freedom has 


with. This nation was 


] 
al 
een taken advantage of by those protected by it in an a 

pervert those principles by securing a strangle hold upon the 
throat of the nation. We have nursed a brood of reptiles 


the sooner we rid ourselves of them the less difficult will 


ttempt 


No simple regulative Sherman Law is indicated in this case, 
but a searching test of lovalty with drastic penalties attached. 
The various means of securing a maximum of national sta- 
bility, strength and progress are utilized when individual abil- 
ity is developed and utilized to the utmost. Perhaps our 
i! 


greatest weakness is too great a tolerance of incompetence 
high places. Efficiency demands that not only competent but 
the most competent men available fill all positions of impor 


In a pure autocracy no attempt is made to select the 


tance. fit 
test for high piaces. In a pure democracy every place is in 
theory open to every one, but in practise the higher positions 
are clogged with incompetents and there are only occasional! 
opportunities for clearing them out of the way. The pri 
is clear, but the best means of putting it in effect is one 


larger problems of the future. 
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A BOTANICAL TRIP TO MEXICO. II 


By Professor A. S. HITCHCOCK 


U. S DEPARTMENT OF AGRICULTURE, WASHINGTON, D. ¢ 


THE COMMON WILD GRASSES OF MEXICO 


ry xHE general botany of the country is not here elaborat 
| but the ecologist will readily coordinate the flora up 
the basis of the grasses. 

Kastern Coastal Plain.—The grasses of this region ars 
lustrated by the specimens collected at Tampico and Veracr 
At the former locality the grass flora is poor in species 
individuals. Only about twenty species were found, and mai 
of them represented by single or scattering specimens. Alo) 
the brackish mudflats were found certain common mars 
grasses, such as Monanthochloe littoralis, a creeping wit 
grass with clusters of awl-shaped leaves about a quarter 
an inch long; Sporobolus virginicus, with stout creeping ri 
stocks that send up short stems bearing conspicuously two- 
ranked leaves and a close cylindric flower head; Paspal 
vaginatum, with numerous leafy stolons, the upright flow: 
stems bearing a pair of slender flower spikes; and Sparti) 
spartinae, a conspicuous marsh grass, growing in large tus 
socks, the leaves long, slender and sharp-pointed, the narro 
flower cluster raised above the numerous leaves. On the sand 
dunes and sand flats along the beach one finds, besides th 


ubiquitous sand-bur (Cenchrus carolinianus) and crab-grass 


(Syntherisma sanguinalis), a species of Eragrostis (EF. sec 
diflora) with erect stem about a foot high and a close, som 
what interrupted inflorescence. This grass is common in sand) 
soil as far north as Kansas. In pools among the dunes is found 
Panicum geminatum, a perennial water grass with smoot! 
stems, creeping rootstocks and a narrow flower head severa 
inches long. 

At Veracruz there is a series of sand dunes separated fron 
the sea by a wide sandy flat. Upon this flat are found several! 
species of grasses in great abundance. Among these may b 
mentioned Trachypogon Gouini, an upright plant about tw 
feet high with a conspicuous feathery flower head; Sporobol 
indicus, a bunch-grass with long filiform leaves and very sma 
flowers in a long narrow panicle; Eragrostis Elliottii, 
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spreading clumps with a diffuse stiff panicle of long spikelet 
a species of the southeastern United States; Boutcloy 
formis, A common species on the plateau. At the foot 

sand dunes there was an abundance of Panicum Gouini 
creeping plant with short upright stems, bearing an oval clus- 
ter of flowers. Among the other interesting grasses found a 
Veracruz may be mentioned Eragrostis prolifera, an unusually 


large species of the genus, with stout erect stems as much as 
seven feet high and a long loose panicle a foot or more in length. 


This species was evidently relished by stock, as it was found 


only when protected by the clumps of bull’s-horn acacia or 
other thorny shrubs. Along the wagon road through the moist 
lowland there is a rank growth of Para-grass. This grass is 
abundant in moist open protected places in the lowlands of 
tropical America, but does not appear to be a native of Mex 
ico. It is introduced probably from Brazil. Veracruz is an 
interesting locality to the botanist because it was here that a 
French physician, Dr. Gouin, made a valuable collection of 
plants during the French occupation of Mexico. Several spe- 
cies are named for Dr. Gouin and the specimens collected by 
him at Veracruz are the types. Among these are the two spe- 
cies mentioned above, Trachypogon Gouini and Panicum 
Gouini, 

Western Coastal Plain.—Collections were made at Man- 
zanillo and Guaymas but the plants of the latter place are es- 
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ANCIENT HIGHWAY FROM VI 


oad is said to have been built by Cort 


sentially the same as those of the Sonoran plateau and will b« 
discussed under that head. The country around Manzanillo is 
hilly and the grass flora is meager, as the hills are covered 
with forest. On the cliffs and shore facing the ocean wer: 
found several kinds of grasses among which may be mentioned 
three. The rare Bouteloua repens was first described in 1816, 
under the name Dinebra repens, from the collections of Hum- 
boldt and Bonpland in the latter part of the eighteenth cen- 
tury on the seashore at Acapulco, Mexico. The species had 
remained unknown since that time, botanists having concluded 
that the original collection was probably a peculiar form of th: 
common allied species B. filiformis (B. bromoides of many) 
authors). The specimens collected by myself at Manzanillo, 
in the sand near the ocean, in the same habitat as those col- 
lected by Humboldt and Bonpland at Acapulco only a short dis- 
tance to the south, correspond perfectly to the original descrip- 
tion and plate of Dinebra repens upon which Bouteloua repens 
was founded. The second species is Panicum molle Swartz, 
found along the face of the cliff near the sea. This name has 
been misapplied to the Para-grass (Panicum barbinode), but 
an examination of the original specimen in the Swartz Her- 
barium at Stockholm shows that it is the same as the plant 
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here mentioned. This species, found from Mexico to Colom- 
bia and Jamaica, is a bushy little annual with small panicles 
of velvety spikelets. The third species is Tripsacum lanceo- 
latum, a tall perennial with broad leaves and terminal clusters 


of two or three spikes of flowers, the lower parts of which 


are pistillate and break up into one-seeded joints, and the 
upper parts staminate, falling away entire. Single spikes arise 
also from the axils of the leaves. This species is more charac- 
teristic of the barrancas and rocky slopes of middle altitudes. 

Except the grasses growing on the sandy flats around Vera- 
cruz, which should produce fair forage when young, the species 
mentioned for the coastal plain are of no particular agricul- 
tural importance. 

The Plateau.—As stated previously the plateau region in- 
cludes a large portion of the total area of Mexico and the 
grasses are correspondingly numerous and diverse. As the 
rainfall increases southward the grass flora becomes mort 
abundant in that direction. 

The Sonoran area is well illustrated by the collections mad 
in 1908 at Hermosillo, Llano and Guaymas in the state of 
Sonora. The grasses are so numerous that only a few of the 
more conspicuous sorts will be mentioned here. The genus 
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commonly laundered 


ed open buil 


Bouteloua, or the grama grasses, is represented by severa 
species: B. curtipendula (side-oat grama), a bunch grass wit! 
erect culms one to three feet high, the inflorescence consisting 
of several short spikes on one side of a slender axis; B. Roth- 
rockii, a smaller grass with a few longer spikes, also usual]; 
turned to one side of the stem; and B. aristidoides, an annua! 
six to twelve inches high, with numerous small and delicat 
spikes. Panicum hirticaule is an annual species with hirsute 
sheaths and diffuse panicles of small spikelets. Heteropogo 
contortus, found especially on rocky hills, is distinguished by) 
the single scaly spike with several sharp-pointed brown fruits, 
each with a long more or less bent and twisted awn or tai! 
Andropogon saccharoides is a tall perennial, with hairy node 
or joints, and an oblong inflorescence, white and feathery be 
cause of the numerous white hairs among the flowers. Chlo) 
virgata is a common annual weed, with several digitate spike 
of fuzzy flowers. 

The great central plateau, extending from the United State 
to the state of Oaxaca, is preeminently a grass region. Th 
mesas, valleys and the lower mountain slopes support a larg: 
number of species of grasses that are able to thrive under ari 
or semiarid conditions. The abundance of the growth depends 
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upon the amount and distribution of the rainfall. As stated 
in a previous paragraph the annual rainfall increases toward 
the south. The arid portion of the plateau extends south to 


approximately the twenty-second parallel, thus including the 


state of San Luis Potosi. The grasses of this region were stud- 
ied at Minaca and Chihuahua in the state of Chihuahua, Tor- 
reon and Saltillo in the state of Coahuila, Monterey in the 
state of Nuevo Leon, Durango, Zacatecas, Aguascalientes and 
San Luis Potosi. Attention will be drawn to only a few of the 
more common species found in this area. Two species of 
grama grass are common and are important forage grasses, 
Bouteloua hirsuta and B. gracilis, both perennial bunch grasses, 
the inflorescence consisting of two or three spikes at the top 
of the stems. One spike stands at the end and the other one o1 
two a short distance below, all turning to one side and moved 
about by the wind like little vanes. Several species of Aristida 
are common, but of little value from a grazing standpoint. The 
fruit is sharp-pointed and bears three slender awns, whence 
the names triple-awned grass and spear-grass. The sharp 
fruits are troublesome to stock, often working into the flesh 
and causing irritation. The genus Stipa is well represented. 
The fruit is sharp-pointed but bears a single long awn. The 
buffalo grass (Bulbilis dactyloides) and curly mesquite (Hilaria 
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cenchroides) are small sod-forming grasses, propagating b 
runners. The flowering stems rise to the height of only a few 
inches. Sporobolus, Muhlenbergia and Epicampes are we 
represented. Two species of the first genus, S. Wrightii an 


S. airoides, called sacaton, form large tough tussocks, the flow 
ering stems bearing a diffuse panicle of small flowers. Th: 
first-mentioned species is taller, reaching the height of five t 
six feet. There are many small species of Sporobolus and 
Muhlenbergia that form a considerable portion of the gras 
flora, the latter genus differing in having awned florets. Th 
species of Epicampes are tall coarse grasses with narrow 
usually pale inflorescence. Three small grasses belonging 
three genera, but resembling one another in general appearance: 
are common upon dry hills. They are Muhlenbergia Wrighti 
Pappophorum Wrightii and Lycurus phleoides, all agreeing it 
having a spike-like inflorescence, but differing in the structur 
of the spikelets. 

Over the southern half of the plateau the aspect of thé 
grass flora is similar to that of the northern portion, but thé 
species differ slightly. There are other species of Boutelow 
and of the allied genera Pentarrhaphis and Cathestecum. 

Collections were made at Zapotlan and Guadalajara it 
Jalisco, Irapuato and Acambaro in Guanajuato, Querétaro, 
Pachuca in Hidalgo, Toluca and Popo Park in the state of Mex 
ico, various places in the Federal District, Uruapan in Micho- 
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acan, Cuernavaca in Morelos, Chalchicomula, San 
Esperanza and Tehuacan in Puebla, and Oaxaca in 
of the same name. Upon the mesa in the state of 

tain species of Stipa are conspicuous because of the long nar 
They are bunch grasses wi 


row nearly white inflorescence. th 
narrow leaves (Stipa Ichu, S. multinodis, S. tei ma). 
Over a considerable proportion of the table land the cactuses 


and yuccas are a conspicuous and often dominant element of 
the flora. 

Slope from Plateau to Coastal Plain. Exes pt in the north 
ern part of Mexico the slope from the table-land to the coasta 
plain is rather abrupt, and in some places, such as in the east 
ern part of the state of Puebla, extremely abrupt. This slop: 
is marked by a series of foothills and deep ravines. Thes 
ravines, fixing the position of the water courses and often 
2,000 or more feet deep with precipitous sides, are known 


1 


Dp 


the Spanish word barrancas. This slope with its attendant 


ad in going 


magnificent scenery may be seen from the railré 
from San Luis Potosi to Tampico, from Mexico City to Vera 
cruz by way of Orizaba, and from Guadalajara to Manzanillo. 
in passing from Puebla to Oaxaca the railroad descends to less 
than 2,000 feet at Tomellin and then ascends through the beau- 
tiful Tomellin Canyon to the table-land. About six miles east 
of Guadalajara and easy of access is another remarkable can- 
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yon, the Barranca de Oblatos, through which passes the Sar 


tiago River, the outlet of Lake Chapala. These slopes and bar- 
rancas are usually covered with grasses and other herbaceous 
vegetation. Forest is by no means absent, and the proportio 
increases toward the lower altitudes, but the tops of the hil 
and the steeper sides of the barrancas are usually too: dry 
support woody vegetation, and here the grasses abound. 

number of species of grasses is greater in this region than 
any of the other floral areas.. The following are a few of th 
more conspicuous grasses observed along the rims and sides 
of the Barranca de Oblatos: Heteropogon contortus, a peren 
nial with spikes of imbricated bracts from beneath which pr 
trude stout brown awns several inches long, the hard shar 
pointed fruit from which the awns spring resembling those o 
the genus Stipa; Heteropogon melanocarpus, an annual wit! 
stout stems four to six feet high and awned fruits like thos« 
of the preceding; Muhlenbergia elata, a tall leafy bunch-grass 
with long harsh narrow leaves and a large purple rather dif- 
fuse panicle over a foot long, with numerous small long-awne: 
spikelets; Arundinella Palmeri, a grass resembling the preced- 


rhe 


} 
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ing in general appearance, but easily distinguished by the 
broad flat blades and the denser panicle of larger spikelets, 
each with a bent and twisted awn; Tripsacum pilosum, a tall 
cornlike grass, as much as twelve feet high, with broad blades 


and hispid sheaths, and a terminal tassel, the spikes of which 


are pistillate below and staminate above; Tripsacum lanceo- 
latum, a smaller species than the preceding, usually not more 
than four or five feet high; Andropogon perforatus, conspicu- 
ous with its woolly-white terminal inflorescence of clustered 
spikes, each spikelet provided on the back with a small pit, lik 
a pin hole; Paspalum virgatum, with broad flat blades and a 
terminal brown or purple inflorescence of numerous spikes, 
the spikelets circular, flat on one side, convex on the other, 
nearly sessile along one side of the axis. 

Guadalajara was visited by the famous traveler Humboldt 
and is the type locality of many plants collected by his com- 
panion Bonpland. 

At Alzada, a station on the railroad a few miles above 
Colima, at an altitude of about 1,500 feet, a number of inter- 
esting and conspicuous grasses were seen. Tyipsacum laxum, 
a large tall cornlike plant, six to eight feet high, resembles 


VOL. vui.—15. 
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Tripsacum pilosum mentioned in the preceding paragraph, b 


differs in having smooth sheaths. All three of the species 


Tripsacum were found at Alzada and were usually observ: 


growing upon rocky grassy hillsides. Pennisetum setosy 
also growing upon cliffs and slopes, has slender culms three t 
five feet high, terminating in long red spikes, one half inc! 
thick and six to eight inches long. Lasiacis procerrima is 
tall reedlike grass as much as eight feet high, with numerous 
broad blades, the base heart-shaped and clasping the stem, thi 
panicle large and spreading. 

The eastern slope from the plateau was visited at Cardenas 
and at three points in the western part of the state of Vera 
cruz. Much of the region between Cardenas and Las Canoa 
on the railroad between San Luis Potosi and Tampico is a ro 
ing prairie, reminding one of the prairies of lowa. Here wer 
found curly mesquite (Hilaria cenchroides) and buffalo gras 
(Bulbilis dactyloides), both common in the plains of Texas 
and Paspalum notatum, a common species in pasture land a‘ 
middle and lower altitudes in Mexico and Central America 
distinguished by its divergent pair of spikes two or three inch¢ 
long, with two close rows of sessile spikelets flat on one sid 
and convex on the other. Bouteloua hirsuta (black grama) an 
B. filiformis, as well as the widely distributed B. curtipendul 
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(side-oats grama), were found on these prairies. 
bulbosum, a perennial species with spreading panicle, is 
ognized by the thickened bulb or cormlike base which 
gested the specific name. 

Western Veracruz is particularly interesting because this 
region was visited by well-known botanists many vears ago 
and a large number of new species were described from their 
collections. Liebmann, a Danish botanist, made large collec- 
tions here between 1840 and 1843, especially at Mirador, a 
hacienda on the east slope of the Mt. Orizaba crest and north- 
east of the peak. Sartorius, the owner of this hacienda, was 
also a botanist of note. Schiede and Deppe collected in this 
region in 1828. Galeotti spent six months at Jalapa, about 
1835; Botteri collected around the city of Orizaba in 1850; 
Miiller collected between Veracruz and Orizaba in 1853; Bour- 
geau, whose collections were probably larger than any of the 
others mentioned unless it be Liebmann, was sent to Mexico 
in 1865 by the French Scientific Commission and collected es- 
pecially at Cordoba and Orizaba. 

Jalapa, at an altitude of 4,600 feet, presents a mixture of 
pen prairie and tropical jungle. On the side of a clay cut 
along the railroad were found several species of Panicum be- 
longing to the subgenus Dichanthelium. These were of in- 
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terest botanically because this group of plants is represented 
by a large number of species in the eastern United States b 

by few species in Mexico and Central America. Here in this 
one locality were found six species of this subgenus (P. vali 

pense, P. viscidellum, P. spha rocarpon, P. multirameum, I 
Joorti, and P. olivaceum). Panicum xalapense was first col- 
lected at Jalapa (or Xalapa as it is sometimes written, 

letters } and x representing the same sound in Spanish) bu 
is rare in Mexico, although a common species in southeaster 
United States. On the prairie were found several tall species 


tT} 


of Andropogon and allied groups: Andropogon virginicus wit! 


clusters of delicate woolly spikes scattered along the stem; A 


condensatus, with short spreading blades and a rather dens 
inflorescence of numerous spikes; A. glomeratus, stiffly upright 
with a white-topped dense club-shaped inflorescence of delicat 
woolly spikes; Elionurus tripsacoides, with a single termina 
spike of rather woolly spikelets; and Sorphastrum parviflo 
with a close golden-brown panicle of small spikelets. At 
edge of the jungle was found Chextochloa sulcata, a very orn 
mental grass with broad plaited blades and a stiff narr 
bristly panicle of purple spikelets. 

Near Orizaba, just at the western edge of the city, ris 
a steep rocky hill, much of which is covered with grass. Thi 
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hill, because of its accessibility from the city, has undoubtedly 
been visited by all the botanists, and there have been many, 
who have sojourned at Orizaba. This hill is probably the 
type locality of many species of grasses and the writer is ol 
the opinion that, in some cases at least, he procured speci- 
mens from the identical bunch or patch from which specimen: 
had been obtained by these botanists and which became th: 


type specimens of species described by them. BE’ picampes 
Bourgexi, a coarse rough-leaved bunch-grass with a stiff nar- 
row panicle of pale spikelets was named for Bourgeau, one of 
these botanists. In the shade of trees at the base of a rocky 


cliff was found a rare species of Panicum (P. Schmitzii) de 
scribed by Dr. E. Hackel from a specimen sent to him as com- 
ing from Mexico, but with no data as to locality, collector or 
date of collection. This grass has broad short flat blades, the 
shoots being strongly dorsi-ventral, as is the case with many 
tropical grasses growing in the shade, for example, species of 
Oplismenus and Ichnanthus. This rare grass was found again 
on a shady wet bank at Cordoba, and was collected also by 
Pringle at Las Canoas, which is also on the slope from the 
plateau. In the woods at the top of this hill was found a spe- 
cies of woody grass (Lasiacis sorghoidea). There are many 
species of this group in the tropics. They resemble bamboos 
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in having woody stems and broad short blades. The flowers, 
however, show that the group is allied to the great genus Pa) 
cum, of which it has been considered a section, but from whic! 
it is distinguished by the woody culms and and the shape and 
texture of the fruit. One specimen of L. sorghoidea was four 
growing in an open area where it was free to assume a bush) 
form. The clump of culms, twenty to forty in number, rose t 
a height of ten or fifteen feet, the upper portion curving grac 
fully outward. The small branches were borne in whorled 
clusters at the nodes. When in flower the panicles terminat: 
these branchlets. When growing among shrubs or trees, as is 
usually the case, the culms clamber upward through the sup- 
porting branches for as much as thirty feet. Another inter- 
esting member of this group (L. rhizophora) was found along 
the edge of the jungle at Cordoba. In this species the culms 
do not climb high, but form an intricate tangled mass ol! 
branching rooting stems that remain near the ground, the leaf) 
shoots rising to the height of three or four feet. 

High Mountains —Many mountain ranges traverse thi 
plateau. Those toward the western edge are collectively know! 
as the Sierra Madre, and may be considered as a southward 
extension of the Rocky Mountain system. Several notable vol- 
eanic peaks arise as isolated cones, some of them into the re- 
gion of perpetual snow. The writer ascended three of thes« 
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peaks, Orizaba, Popocatepetl (pronounced Po-po-ca-te-pet’-l) 
and Nevada peak of Colima, the two former rising above snow 
line, which is at about 15,000 feet in the late summer. The 
distinctly mountain flora becomes dominant at 10,000 to 11,000 
feet. Above timber line (11,000 to 13,000 or even higher in 
protected places) the grass flora is alpine or at least subalpine. 
The first peak to be visited by the writer was Popocatepetl. 
From Popo Park as a base, taking a burro to carry the supplies 
and light camp outfit, and accompanied by my son as assist- 
ant, I ascended as far as the snow line. This trip was par- 
ticularly interesting because we made our way on foot with- 
out a guide or a map, through a region entirely unknown to 
us. We soon lost the regular trail and meandered upward 
through the open forest and later on the vast sand and lava 
stretches above timber line. Upon these alpine plains and 
ridges the weather was capricious, but mostly foggy or stormy. 
There were violent squalls with rain, hail or snow, often ac- 
companied by high and variable winds. The trip occupied 
three days, the two nights being spent at about 11,000 feet. 

A conspicuous grass in the lower mountain belt (9,000 to 


11,000 feet)° is Festuca amplissima. This grows in large 
bunches or tussocks, the leaves numerous, the culms as much 
as six feet tall, and the lower branches of the large mature 
panicle reflexed. These bunches, scattered rather thickly 
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through the open woods, give a dominant character to the veg 
etation. Another bunch-grass (Cinna poxformis), somewhat 
similar in appearance but in smaller light-green bunches abo 
a foot in diameter, is found intermixed with the preceding 
There are also, upon the mountain side in this belt, vast ar 
of open land upon which the dominant and sometimes almos 


exclusive plant is Epicampes macroura, the roots of whic! 


are used in the manufacture of scrubbing brushes. The plants 
grow in large tough tussocks one to three feet in diamete! 
in rich soil the tussocks touching one another, the leaves num 

ous, stiff and harsh, the inflorescence a long narrow stiff! 
upright spike. The bunches of Epicampes are evidently sough 
by cattle, as the ends of nearly all the leaves were eate) 
off. Growing within the pretection of the Epicampes was 

species of Bromus (B. exaltatus) with slender stems and 

loose panicle resembling oats. In more exposed places this 
species was often prostrate. At higher altitudes other speci: 
became more prominent. A delicate species of Festuca (I 
willdenoviana), one to two feet high, with soft short leav 
and a nodding few-flowered panicle, was common in the upp 

wooded belt. Here were also Poa annua, the common weed 





A BOTANICAL TRIP TO MEXICO 











Poa of our eastern states; Poa conglomerata, a usually pros- 
trate plant with a narrow dense panicle, and Graphephori 

altijugum, with delicate erect culms and a narrow panicie 
Just above timber line in the bunch-grass belt were found 
Festuca tolucensis and Calamagrostis toluce) , originally 
collected in similar situations on Mt. Toluca, a volcano near 
the city of Toluca. They both have numerous narrow erect 


line and in favor 


leaves. The latter species extends to snow 
able situations forms a sort of fairy-rings, due to the indef 
nite expansion of the tussock and the death and decay of the 
interior, leaving a narrow annular zone of the living 

These rings may be many feet in diameter, but finall) 

up into segments and the original ring becomes ind 
obsolete. Other grasses of this alpine region are Agro 
Schiedeana, Trisetum spicatum, common in the high mountains 
in the United States and extending to the Arctic regions, and 
Festuca livida, a low grass growing in the voleanic sand below 


snow line, conspicuous because of the comparatively large deep- 
purple spikelets. 

Mt. Orizaba was ascended from Chalchicomula. on hors« 
back with servants (mozos) and guides. Two days were take? 
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alfalfa was grown in rows and cultivates 


for the trip, the night being spent in a cave about timbe! 
line. The writer ascended the peak over the snow nearly 
the top, but was prevented from reaching the actual sum- 
mit by the violent gale blowing from the east. Many of th 
species mentioned above as occurring on Popocatepetl wer 
also found on Orizaba (such as Bromus evaltatus, Poa ce 
glomerata, Trisetum spicatum, Festuca amplissima, F. livida 
Fk. tolucensis, Epicampes macroura). Another Festuca (F 
hephxstophila) and a species of Calamagrostis were collect 
The Festuca grows in small tufts, looking like our ‘sheep’s 
fescue. This and Calamagrostis Schiedeana grew together i! 
the grassy meadows above timber line, the latter in larg 
bunches like Calamagrostis tolucensis. Both have numerous 
firm involute root leaves, with a papery tawny base peculia 
to alpine grasses. 

Mt. Nevada was reached on horseback from Zapotlan ove 
a good trail. Two days were taken for this trip, the night 
being passed in a cabin at about 11,000 feet. The dominant 
grasses in the upper regions of the timber and extending w: 
above timber line are Calamagrostis tolucensis and Festwe 
tolucensis, both found on Orizaba. This is interesting as show 
ing the similarity of the flora of the mountain tops as cor 
pared with the diversity in the flora of the lower regions 
Trisetum spicatum was found throughout the region above tin 
ber up to the very summit. 
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The grasses of the northern Sierra Madre were studied at 
? 


Sanchez, then the terminus of the railroad from Chihuahua t: 


Topolobampo. This is on the continental divide at an altituce 
of about 8,000 feet, in the midst of pine forest. The species 
of grasses found here are in the main different from those 
shows 


found in the other regions mentioned, and the flora 
a close affinity with that of southern Arizona. The dominant 
grasses are species of Muhlenbergia, Sporobolus and Epicam- 
pes. Certain annual species were especially abundant, such 
as Sporobolus ramulosus, S. confusus, S. Shepherdii and Muhl- 
enbe rgia pe ruviana. 

Grasses of Ponds and Marshes.—The grasses of ponds, 
marshes, river banks and similar situations occupied by wate 
plants are much the same throughout Mexico. The flora of 
fresh-water ponds is well illustrated by the grasses seen at 
Orozco, a station twelve miles south of Guadalajara. Certain 
species were found only in the water, such as: Panicum paludi- 
‘agum, with a long narrow inflorescence of several short ap- 
pressed spikes, and very long submerged rooting stems: Pavni- 
cum sucosum, with spreading panicle and long submerged 
stems as in the preceding; Paspalum longicuspe, growing in 
deep water among water-lilies, only the inflorescence emerged, 
this consisting of numerous flat spreading spikes, the indefi- 
nitely long rooting stems submerged, but floating by means of 
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the large masses of roots at the nodes; Echinochloa 
formis, a tall erect broad-leaved grass, rising well above 
water and bearing a close panicle of large long-awned spi 
lets; Homalocenchrus hexandrus, a small, rather delicate, 
wiry grass, with a_small panicle of very flat spikelets. Alo 
the edge of the pond, growing in mud or in shallow water, we 
found Distichlis spicata (salt grass), Paspalum vagqinat 
with a pair of spikes at the summit of the slender cul: 
Echinochloa zelayensis, allied to our barn-yard grass, and Lé 
tochloa fascicularis, with several stiffly ascending spikes. 
Distichlis spicata, mentioned above, is a common grass 
moist alkaline soil and along the banks of ditches. Anot 
common plant in such situations is Paspalum distichum, wh 
resembles P. vaginatum in having two divergent spikes at 
summit. Along the margins of ditches and streams where 
soil is not especially alkaline one finds Polypogon elongat 
with slender lax stems and a narrow panicle of small flow: 
turning yellow with age; Panicum larum and P. pilosum, sm: 


plants with several spikes of small round spikelets, and ma) 
species of Paspalum characterized by their plano-convex spik 


lets. Arundo Donax is a large reed with broad leaves, sté 
as much as twenty or thirty feet high, and large feath 
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plumes when in flower. This reed, introduced from Europe, 
often grows in dense masses along the banks of irrigation 
ditches. 

Weedy Grasses.—Many of the weedy grasses of cultivated 
soil and waste places are introduced from the Old World 
Others are natives of Mexico or Central America. The follow- 
ing are the more common and widespread species. 

The annuals will be mentioned first, as they are the com- 
mon weeds of cultivated fields: Syntherisma sanguinalis (crab- 
grass), with spreading stems, hirsute sheaths and slender digi- 
tate spikes, common everywhere; Fragrostis mewvicana, with a 
diffuse panicle of lead-colored spikelets, very common in culti- 
vated soil, throughout Mexico; Eyagrostis caroliniana, similar 
to the preceding but with smaller spikelets, less common; 
Eragrostis ciliavis, with a narrow panicle of strongly ciliate 
pikelets, a weed of streets in the coastal plain: Panic 
culatum, with panicles of round reticulate yellow or dark-brown 
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spikelets, the main branches spikelike, common in fields 
lower altitudes; Panicum hirticaule, with a diffuse panicle, 
sembling our old witch grass, common at low and medium ; 
tudes on the Pacific slope; Brachiaria plantaginea, with a 
spreading spikes of roundish spikelets growing in moist cu 
vated soil; Leptochloa filiformis, with many slender spreadi 
purple spikes of small spikelets, common in rich fields in 
coastal plain; Cenchrus carolinianus and C. echinatus (sa 
bur), the former with a looser spike of burs, common in fi 
and waste places; Eleusine indica (goose grass), a smo 
grass with a few digitate spikes, found chiefly along stre 
and in waste places. There are, of course, many other ws 
annual grasses, but the above are the commoner kinds. 

The perennials are fewer in the number of the species a 
are found chiefly in pastures and waste places. Chexto 
geniculatus (fox-tail) resembles our northern species, diff 
ing in being perennial, one of the few of this class commo) 
cultivated soil. Holcus halepensis (Johnson grass) has 
tained a foothold here and there, and may prove a serious } 
as is now the case in Texas and other of our Southern Stat 
Sporobolus Berteroanus (smut grass) can be recognized by 
long slender panicle of small flowers that are frequently bla 
ened by a fungus. Certain species of Paspalum are comn 


in meadows, pastures and along roads (P. convexum, P. pl 


tulum, P. squamulatum - Paspalum conjugatum, with St 


and a pair of long slender spikes, is very common in tro] 
America and extends into the lowlands of Mexico. 

The grasses obtained on this trip yielded one new ge! 
and twelve new species, and in the study of the collection 


| 


more new species were found among the grasses secured 
others. 
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THE ENGINEER’S PART IN AFTER THE WAR 
PROBLEMS 


By Professor F. H. NEWELL 


UNIVERSITY OF ILLINOIS 


ry. HE engineer—as his designation impli 
| ingenuity, the man who has a vision 
who, without being visionary, can see and 
producing results by utilizing the forces a1 


t ‘ 
1) 


ture. His business is to plan and build. 
was the task of devising ways of protect 
stroying enemies. Now, with peace assured, | 
ready and get the machinery of constructio1 
full motion again. His part is also that ot 
plore, to conduct researches into realms br 
knowledge and with facts thus secured plan 
for others to follow. 

In the countries where war has wrought its dest 
duty of the engineer is primarily to rebuild, but 
fortunately situated, where the disturbance has on 
tively small, our part is to wisely provide for lar; 
uses of our resources and prepare for the bett 
toward which all of us aspire. 

While the war has wrought little destruction 
and in fact has, if anything, increased material prosp 
has “laid its fearfully vitalizing hand upon our people,” 
has served to greatly widen their viewpoint. It has made 
sible the realization of some of those ideals which a few 
ago were regarded as impracticable. In other words, the 
tablished order has been so far disturbed as to render 


to urge improvements which before the war seemed to be 


our reach. This has been stated by Winston Churchill, “If for 
five years after the war the people devoted the same energy, co 
operation and self-sacrifice to reconstruction as have been 
devoted to the process of destruction, there is no social, indus 
trial or economic problem which could not be conquered.” 

The question confronts us therefore as to how in this pres- 
ent crisis of world affairs the engineer and organizations of 
engineers, both individually and collectively, can perform their 
largest service. What are the steps to be taken in order that 
we may do our full duty as citizens? 
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It is desirable to emphasize the fact that engineers as a cl: 
owe a larger duty to the public than almost any other gr: 
They have been educated largely at public expense and gi) 
the opportunity of enjoying a wider outlook upon the forces a: 
activities of nature than have most of our fellows. Becauss 
this fact there rests upon them the obligation to utilize th 
advantages in the most efficient manner for the general go: 
They have already shown what thev can do under the stimu 
of war. Now under peace conditions—which should be ev 
more inspiring—it is for them to demonstrate their continu 
value to humanity. The question is as to how this can best 
performed. 

1. Diffusion of Information.—Under our form of gove 
ment any notable advance or improvement must be made larg: 
through the support of the majority of the thinking people. 
secure wise action it is obviously necessary that the public 
well informed as to the objects to be attained and relative « 
and benefits involved. The engineers in short should do eve) 
thing in their power to diffuse information regarding the n 
ters in which they are skilled in order that the public may 
able to act intelligently. 


In the past, it must be acknowledged, engineers as a b 


particularly as represented by our larger societies, have b 
remiss in taking the public into their confidence regarding t}! 
facts and conclusions to be drawn regarding many importa! 
engineering matters. In fact, we have rather prided ourselv 
upon this condition and upon our close adherence to narr: 
technical detail. AS a consequence not only the public has su 
fered but the engineering profession even more so in being r 
garded as technicians; the engineer has been classed in t! 
same group with the engine runner or fireman but without e1 
joving anything like the influence on public affairs had by) 
latter. 

Our first and foremost part in the after-the-war or r 
struction problems is obviously that of aiding the pub 
through the diffusion of information as to the nature of thes 
problems and their solution since most of them rest upon mat 
ters which come mainly within the cognizance of the enginee! 

2. Research.—Closely connected with the duty of diffusi 
information is that of encouraging in every practicable way t} 
acquisition of additional information regarding natural r 
sources of the country and the methods of utilizing thes 
While much is already known there lie in every direction 
numerable unanswered or partly answered questions to wh 
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it is necessary to obtain complete and satisfactory replies in 
order that progress may be made. Here engineers individually 
and eollectively have a duty, namely, that of stimulating con- 
tinued study and research into those conditions which are often 
assumed by the public to be facts and yet concerning which 
comparatively little definite information can be had. Most of 
these present-day problems relate to transportation and its con- 
trol, to the movement of persons and goods, to better methods 
of road construction and maintenance, the restoration of navi- 
gation, better water supply for towns and industrial establish- 
ment. There are innumerable lines in which the engineers and 
their organizations should be actively at work either directly 
or in stimulating others. 

3. Preparation of Plans.—In connection with the diffusion 
of information and stimulation of research it is incumbent upon 
the engineers to use the experience and ingenuity with which 
they are endowed to make general plans and bring before the 
publie the possibilities of larger health, comfort and prosper- 
ity. It is true that the details can only be worked out with 
safety after adequate funds have been provided, but it is never- 
theless possible to outline the picture in a broad way and to 
keep continually before the people or communities concerned a 
conception as to what may be done by the use of information 
possessed by the engineer or which may be had by further 
study. In reply it may be urged that the busy engineer im- 
mersed in the details of his daily work has little time for such 
matters. Nevertheless, reflection will show that even the busi- 
est must have a certain relaxation and that he will be improved 
mentally and morally, and possibly gain in a financial way if 
occasionally he lifts his eyes from his desk and permits his 
mental vision to take in the larger aspects of the things with 
which he is familiar. Moreover, the contact with his fellow 
men in the direction of their vision to the wide scope of engi- 
neering possibilities must have a beneficial effect in counteract- 
ing the narrowing influences of professional! detail. 

Reconstruction Problems.—But what are these after-the- 
war or reconstruction problems? How do they differ from the 
ordinary routine? In many ways these do not differ but are 
the culmination and grouping together of many questions which 
have been before us for a generation but which are now de- 
manding early attention. They take in the whole range of 
human activity, but may be classified for convenience into three 
groups in the order of their immediate insistence. 


VOL. Wur.— 16. 
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(a) Men or man power. 
(b) Materials or natural resources. 
(c) Ideals or plans. 


(a) Men.—The immediate and vital question following t} 
war is that of demobilization of the army, providing employ- 
ment for returning soldiers and war workers and the recor 
struction of the crippled or injured men. The latter is being 
given attention by the War Department and theoretically a 
least no man is discharged from the army until he is equipp 
as far as humanly possible to make a living at some suitab); 
occupation. 

This reconstruction of men is the first and most pressir 
duty, one in which the time element is vital. It began with firs 
aid to the wounded and was continued not merely through hos 
pital service but through reeducation activities or vocationa 
training such that the man injured in the service of his coun- 
try is restored as completely as possible to health and rendered 
self-supporting through the use of artificial limbs supplied t 
him. He is aided by the acquisition of a training in vocationa! 
or even in engineering occupations which enables him to be- 
come a self-supporting and self-respecting citizen after he has 
done his part in winning the war. 

More than this the reconstruction plans involving the re- 
turn to industry, in the quickest and best way, of the munitions 
workers and others who have been employed more or less di- 
rectly in connection with the war and to do this in such a wai 
as not to interfere with the earnings or proper enjoyment of 
others who have taken their former places in industry. 

The present problem is that of finding work immediate]\ 
for these men and women who are returning to the industries 
which have been discontinued or which have not yet come int: 
active operation. Here is demanded not charity nor politica! 
discussion but immediate practical action. This can come abou! 
in many ways. 

1. By urging that each and every employer take on as many 
people as he can and in spite of present high prices incur ever: 
reasonable business risk in getting his operations under way. 

2. In urging public officers and persons having contro! 
expenditures of public or private organizations to undertake at 
once the works which have been planned or contemplated such 
as highways, waterways, water supply, drainage systems, pub- 
lic buildings, parks and all those things which benefit the pub- 
lic. In opposition it is urged that there is scarcity of material 
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and prices are high. Even though this be true, it is often pos- 
sible to substitute materials; even though the prices may be 
high it is a matter of public economy in the long run that the 
work be performed now and that an outlet be afforded for labor 
on things which are ultimately of use. 

(b) Materials.—In the reconstruction problems having to 
do with materials there is a far wider diversion of interests and 
of methods; the first and most vitally important are those 
things which have to do with food production and transporta- 
tion. Next in importance are the fuel problems and then the 
other natural resources such as raw materials needed in manu- 
facturing. Fortunately, the study of these resources, their dis- 
tribution and best employment in industry has been the sub- 
ject of investigation by a group of conservationists and engi- 
neers who during the past decade aroused interest in these mat- 
ters. Due to their systematic efforts there has been made by 
various federal bureaus a beginning upon the systematic col- 
lection of data. 

Each and every business man and agency needs to be stimu- 
lated to larger efforts and to a consideration of the practica- 
bility of putting to full use all of his resources whether of raw 
materials, agricultural products, manufactured articles, or of 
human or man power. To do this effectively there must be 
an agreement upon the larger ideals or underlying principles 
which result in well-considered plans of action. 

(c) Ideals of Reconstruction.—No far-reaching result can 
come about from the planning of the use of man power or of 
raw materials until there has been a general agreement upon 
fundamental principles. It is true that the working out of these 
to a form where they will be generally agreed upon may not 
be accomplished for some months. In the meantime certain 
details involving employment of men and use of materials 
may be satisfactorily entered upon. There should be an imme- 
diate discussion of ideals even though agreement on the state- 
ments of them may not be reached for some time. 

On most of the fundamental ideals there will probably be 
sharp division between two great parties, representing oppos- 
ing social or political beliefs; it is well that this should be so, 
and that each ideal should be submitted to the hot fires of 
discussion. 

There are almost innumerable agencies, more or less di- 
rectly concerned in the practical working out of these ideals. 
The banking and related industrial interests in general are on 
the one side—on the other the labor organizations. Each is 
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urging from its own standpoint the adoption of certain policies 
with reference to the utilization of man power and of materials. 
Between them is the engineer who must make the plans t 
put into effect the line of action needed to produce the desired 
result. He should not be content to be merely the go-between 
but should guide and direct as may be possible from his rela- 
tively disinterested standpoint. 

Under the head of ideals or plans may be grouped man, 
problems whose solution depends upon the policy to be adopted 
by public and private bodies concerned with labor, commerce, 
industry, education and economics. These ideals and the prob- 
lems dependent upon them afford a wide range of speculation 
or of idealism, but among these needs that of a national labor 
policy stands prominent as the prime requisite for reconstruc- 
tion; and next to this, land, taxation and raw materials. 

Dean Davenport has well stated that we are to address our- 
selves to the evolution of a real democracy. 

This evolution will submit to society for progressive solution, a ser 
of detailed problems—every one difficult and every one coordinated with 
every other one, but all conditioned by the one object—the highest possible 
development of the human race. These issues will include such difficult 
problems as (a) an adequate land policy, (6) sanitary and comfortab! 
housing, (c) good and abundant food, (d) public insurance against pr 
ventable or curable diseases for public reasons, (e) universal and fr 
education that really educates, (f) economic opportunity, (g) industry and 
thrift either optional or enforced, (hk) adequate provision for the helpless, 
(i) a clean public service, (j) a rational conception as between the indi- 
vidual and state, and between public and private ownership. 

There are a thousand related questions, local, national and interna- 
tional that will thrust themselves upon us for adjustment and more than 
that for readjustment, for we shall have the power to see only a little way 
at a time along the road that we shall then be traveling.* ’ 

Each of these policies is usually considered by the persons 
interested as a separate entity and one which may be discussed 
by itself. This is where danger lies to the country as a whole, 
namely, in that with lack of full information, there is inabilit; 
on the part of the public to mentally visualize the relative pro- 
portions of each topic. For example, the settlement of soldiers 
upon reclaimed lands, important in itself, may lead to the ob- 
securing of larger needs and to divert attention to the detriment 
of the best interests of the country as a whole. It is exceed- 
ingly important, therefore, that all of these problems be cata- 
logued together and be viewed as a whole—as well as in detail. 

It is the engineer who must supply many of the facts and 
conclusions upon which the policies may be based. Some of 


1 Country Gentleman, November 16, 1918. 
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the subjects above enumerated fall entirely within his cogni- 
zance, especially those pertaining to land, to housing and to 
the discovery and use of the natural resources. 

Without the intelligent direction of the engineer, little prog- 
ress can be made. The great war has awakened Americans to 
the fact that in their somewhat complacent attitude of mind 
they had permitted European nations, especially Germany, to 
far outstrip them, with the result that when war came suddenly 
upon us, we were compelled to lose time, and directly or indi- 
rectly sacrifice thousands of lives and millions of dollars in ac- 
cumulated wealth because of our short-sighted policy with ref- 
erence to engineering and to scientific research along engineer- 
ing lines. 

The whole subject of raw materials is also one which can be 
attacked successfully only by the engineer, including with these 
materials not only iron, copper, clay, petroleums and other sub- 
stances from the earth, but also the fuels and other sources of 
power, such as from the flowing waters. 

The engineer’s problems of to-day also include that of trans- 
portation, not merely the building and operating of railroads, 
waterways and highways, and the cars or boats moving on 
these, but also the navigation of the air and all of the matters 
which lead up to successful performance. 

Next in importance comes the means of communication— 
the telephone, the telegraph, the wireless, and closely connected 
with these the rapidly increasing number of public utilities, 
founded primarily on engineering plans and methods. It has 
been the fashion to leave the larger control of these to business 
men and lawyers, but the time is arriving when the engineer 
is appreciated to be the chief factor in their success. 

In agriculture also the engineer has entered, and with the 
increasing demand for food, his skill is being more and more 
called upon, not only in developing agricultural machinery, but 
in building irrigation and drainage systems, in clearing lands, 
and in directing operations in a large way. In housing prob- 
lems the engineer, as well as the architect, must direct affairs. 
Even in education and the diffusion of intelligence, the opera- 
tions are becoming more ard more closely connected with the 
principles of engineering. 

In all of these matters which pertain to the conservation 
and use of the resources of the country, both material and hu- 
man, and the development of ideals, the engineer should be 
active; while his profession may not include the direct control 
of capital and credit, of foreign and domestic trade, of agricul- 
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tural distribution, and of many purely business questions, yet 
he is, or should be, such a factor in the fundamentals of these 
that his knowledge and skill can not safely be neglected. 

Assuming that the above statements of the engineer’s part 
in after-the-war problems are approximately correct, th: 
comes the question as to what he and his organization sho 
do in the present crisis of world affairs. The reply seems oby 
ous that as an individual he should take an active part in thes 
world problems. Every engineering society should have 
committee on reconstruction, charged with the duty of arra) 
ing for effective presentation of one or another of these gr 
subjects of employment of labor, research, study of raw mat 
rials, or fuels, power, transportation, public utilities and oth« 
matters, all of which are undergoing radical changes. T) 
trend of these should be studied and the influence of the eng 
neer as an individual] should be wisely used. 

Each society under this conception has a great duty and r: 
sponsibility to its members and through them to the publi 
The standing of the engineering profession in the near futur 
must be determined largely by the wisdom of the action taken 
now in approaching these great problems of reconstruction. 
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By Professor LEON J. COLE 
UNIVERSITY OF WISCONSIN 
N these terrible days when all the great advancements and 
if discoveries of scientific achievement seem to be turned by 
man to the destruction of his fellow man, science itself stands 
indicted in the minds of many as the greatest curse that civili- 
zation has brought forth. While we do not perhaps hear it 
often voiced in such sweeping condemnation, it is not unusual 
that the same thought is applied to some particular invention. 
It was only a few days ago, for example, that I heard some one 
say it “seemed too bad that the mastery of the air had been 
achieved, since it could be turned to the bombing of innocent 
women and children.” No doubt many of us unconsciously have 
had much the same thought when we have reflected on the ne- 
farious manner in which scientific discoveries have in this war 
been prostituted to the end of accomplishing a desired purpose 
in contravention of all laws of humanity and of decency. Nev- 
ertheless, I wish to assert that this is plainly a prostitution of 
scientific discoveries and that science, as such, can not be con- 
demned without a careful weighing of the benefits it has con- 
ferred on the race as a means of amelioration in the struggle 
against natural conditions—the elements, hunger and disease— 
the weighing of these benefits against the harm it has wrought 
when used as a tool for evil. While we can not perhaps assert 
that we are any happier than the savage in his ignorance, prob- 
ably few of us would care to return to his state. 

It is not my purpose, however, to make an apology for nor 
even a defense of science, neither of which is necessary. But 
it is a part of our scientific method to send our reasoning out 
ahead of our actual demonstrated knowledge; it is the advance 
guard which is sent forward to reconnoiter the unknown coun- 
try in the attempt to find the true path by which the line of 
march shall follow. The results of this reconnaisance we call 
hypotheses and theories. Sometimes the correct route is discov- 
ered ; often not; and more often still only partially, so that when 
we find ourselves in a cul-de-sac counter marches must be made 

1 Presidential address delivered before the Wisconsin Chapter of 
Xi, May 21, 1918. 
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and branch roads followed up. The directness and speed of our 
progress obviously depends in large measure on the correctness 
ef our leads. Our advance is largely by the method so we!! 
known to the biologist because so extensively employed by the 
lower animals—that of “trial and error”; the extent to whic! 
it is more direct depends upon the correct reasoning and insigh' 
displayed by our hypotheses. Our hypotheses, then, are of ver 
vital importance, since they often determine the course of our 
activities, and they may even furnish the principles by whic! 
we live and order our lives and affairs. 

Now no line of scientific thought and endeavor has perhaps 
been more influenced by theory than that of biology, and th 
biological theories which have had greatest influence are thos 
relating to the methods of organic evolution. The day is pas! 
when the fact of organic evolution is questioned, although biolo- 
gists are still far from being in agreement as to the means by) 
which it has taken place. But the gradual acceptance and 
spread of the doctrines of evolution have had an influence far 
beyond the domain of science—they first took a hold on the edu- 
cated public, and have since filtered out through various chan- 
nels until they have produced an appreciable effect on much that 
we think and do. Particularly have they put their impress on 
religion—or more strictly speaking on theology—and on soci- 
ology. This is as it should be in so far as well established fact: 
are concerned; but if science in her newly acquired leadershi; 
should guide us falsely it would be a serious offense indeed. 

The Germans are preeminently a people who take them- 
selves seriously. What is more they take their science and their 
scientific theories seriously as well, and apparently these ar: 
playing a large part in the present world conflict, not only ir 
the practical application of the former, but to an equal extent 
in the way in which the latter are used as a justification of the 
war and in the manner of its prosecution. This was brought 
forcibly to my mind in reading the recent admirable essays of 
Professor Vernon Kellogg published under the caption of 
“Headquarters Nights.” Whatever may be the motives and 
ambitions of the military leaders, the so-called German inte!- 
lectuals seem to have a definite philosophy which serves as a 
basis for their position—a position which they are not only 
ready to support by argument, but for which many of them are 
willing to fight. As Kellogg says, “they fight, not simply be- 
cause they are forced to, but because, curiously enough, they 
believe much of their talk.” And he adds: “ This is one of the 
dangers from the Germans to which the world is exposed; they 
really believe much of what they say.” 
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Those of you who have read the essays to which I refer will 
recall that Kellogg, while serving in Belgium and northern 
France on the Belgian Relief Commission, had abundant op- 
portunity to discuss the German point of view with an old-time 
friend of his, a zoologist stationed at headquarters as a captain 
of infantry, whose identity Kellogg hides—though ineffectually 
to most biologists—under the fictitious name of Professor von 
Flussen. Kellogg says: 


The captain-professor has a logically constructed argument why, for 
the good of the world, there should be this war, and why, for the good of 
the world, the Germans should win it, win it completely and terribly. It 
is a point of view that justifies itself by a whole-hearted acceptance of 
the worst of Neo-Darwinism, the Allmacht of natural selection applied 
rigorously to human life and society and Kultur. 


Kellogg goes on to say that in talking it out biologically 
they 


agreed that the human race is subject to the influence of fundamental bio 
logic laws of variation, heredity, selection and so forth, just as are all other 
animal—and plant—kinds. The factors of organic evolution generally 
are factors in human natural evolution. Man has risen from his primitive 
bestial state of glacial time, a hundred or several hundred thousand years 
ago, when he was animal among animals, to the stage of to-day, always 
under the influence of these great evolutionary factors, and partly by 
virtue of them. 


So far they agreed, but beyond this their ideas were ir- 
reconcilably at variance because of inability to accept the same 
premises for further argument. Accepting the German pre- 
mises the argument goes on with irresistible logic to the inev- 
itable conclusion. In order to put this before you, I can not do 
better than to quote again: 


Professor von Flussen is Neo-Darwinian, as are most German biolo 
gists and natural philosophers. The creed of the Allmacht of a natural 
selection based on violent and competitive struggle is the gospel of the 
German intellectuals; all else is illusion and anathema. The mutual-aid 
principle is recognized only as restricted to its application within limited 
groups. For instance, it may and does exist, and to positive biological 
benefit, within single ant communities, but the different ant kinds fight 
desperately with each other, the stronger destroying or enslaving the 
weaker. Similarly it may exist to advantage within the limits of organ- 
ized human groups—as those which are ethnographically, nationally, or 
otherwise variously delimited. But as with the different ant species, 
struggle—bitter, ruthless struggle—is the rule among the different 
human groups. 

This struggle not only must go on, for that is the natural law, but it 
should go on, so that this natural law may work out in its cruel inevitable 
way the salvation of the human species. By its salvation is meant its 
desirable natura! evolution. That human group which is in the most 
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advanced evolutionary stage as regards internal organization and form 
of social relationship is best, and should, for the sake of the species, | 
preserved at the expense of the less advanced, the less effective. It should 
win in the struggle for existence, and this struggle should occur precisely 
that the various types may be tested, and the best not only preserved, bu 
put in position to impose its kind of social organization—its Kultur- 
the others, or, alternatively, to destroy and replace them. 

Such is the argument, and it must be confessed that to 
biologist familiar with the details of the ruthless “struggle f 
existence” among the lower forms of life its plausibility is ai 
first most disheartening. Our first revolt against it is fron 
the heart rather than from the head. It violates all our idea 
of right and justice and of humanity. But the German philoso 
phy has no room for dictates of the heart where the state is 
concerned—all principles of right and justice and of fairnes 
are subordinated to the simple power of might when it is 
question of the German government against any other peop|k 
This is simply the working out between nations of the primary 
law of natural selection. 

Professor von Flussen says that this war is necessary as a test of tl 
German position and claim. If Germany is beaten, it will prove that sh 
has moved along the wrong evolutionary line, and should be beaten. If 
she wins, it will prove that she is on the right way, and that the rest o! 
the world, at least that part which we and the Allies represent, is on th 
wrong way and should, for the sake of the right evolution of the humar 
race, be stopped and put on the right way—or else be destroyed as unfit 


Could anything be simpler? That which is, or can be, is 
right! 

Be it said in Professor von Flussen’s behalf—and the same 
no doubt applies to others who share his belief—he is ready to 
stand by his doctrines. 

If the wrong and unnatural alternative of an Allied victory should 
obtain, then he would prefer to die in the catastrophe and not have to 
live in a world perversely resistant to natural law. He means it all. He 
will act on this belief. He does act on it, indeed. He opposes all mercy, 
all compromise with human soft-heartedness. Apart from his horrible 
academic casuistry and his conviction that the individual is nothing, the 
state all, he is a reasoning and warm-hearted man. So are some other 
Germans. But for him and them the test of right in this struggle is su 
cess in it. 

Now this reasoning on the basis of biological analogy— 
making rigid application of the rule of the “survival of the 
fittest” to human ethnological groups—has enough of plausibil- 
ity about it to make it very disturbing. For those who are not 
biologists, or for those of us who feel that man is working his 
evolution out in a different way from that of the lower animals, 
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it is somewhat difficult to get the coldly practical German point 
of view. We are inclined to rate the finer feelings and impulses 
that man has developed as indicating the high water mark of 
his evolution; but from the viewpoint of German philosophy 
these are but defects unless they have a definite survival value. 
To us they seem the things that make life worth living, but wha 
is to become of them if the people possessing them and acting 
upon them is at the mercy of and subject to destruction by an} 
other nation which prefers to make its way by brute for 
Clearly right must have might as well so long as it has 1 

tend with those who recognize only might as an e' 

factor. 

If we admit that man is not beyond the workings 
fundamental laws of evolution, where shall we find the hole in 
the German reasoning? Kellogg suggests that it lies in the 
value of altruism, or mutual aid, as he prefers to call it in order 
to avoid anthropomorphic implications in speaking of it in th: 
lower forms of life. He does not, however, develop the point, 
and his discussion is far from a demonstration. It is this phase 
of the subject which I should like to develop a little farther. 

Leaving aside the question as to how new characters of 
form or behavior arise, biologists are in general agreement that 
the chances of survival are greatest for those organisms which 
are best suited to meet the conditions of life; in other words, 
show greatest adaptation to their environment. This means 
that in the long run such forms will tend to survive and repro- 
duce, and presumably to increase the chances that their off- 
spring will be possessed of the same advantages. The process 
is slow and bungling, but nature, by a prodigality of reproduc- 
tion, throwing myriads of individuals into the discard and sav- 
ing the few, makes her way haltingly but inevitably toward 
some unknown goal. This process of elimination is natural 
selection, and in Neo-Darwinian philosophy, which is also the 
German philosophy, this is the all-powerful force in evolution. 
The questions for us to answer if possible are: Is man subject 
to natural selection in the above sense? and what part does 
mutual aid play in his evolution? 

Taking up the second question first, it may be well to give 
a very sketchy review of the beginnings and course of develop- 
ment of the mutual aid principle in the animal kingdom. In 
many of the lower animals, such for example as most of the 
protozoa, each individual is an independent unit which meets 
its environment and struggles with it alone, having no relation 
to other individuals of its species. It survives or perishes en- 
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tirely as its merits or special advantages enable it to cope with 
the chances besetting its existence. It has no social relation to 
other individuals except when, as a purely physiological reac- 
tion, a portion of its protoplasm may unite with that of another, 
resulting in new combinations of hereditary factors, and hence: 
increasing the chance that something new may appear whic} 
will give some of its descendants an even greater advantage in 
the never-ending struggle to survive. 

In certain groups aggregations or colonies of individuals 
appear, and these seem to have acquired by their association 
certain advantages. There is no need to enumerate all of thes 
advantages, but one of the most apparent is the possibility of 
specialization, the taking over of separate functions former]; 
common to each independent individual by the different compo- 
nents of the colony. Thus we early find special individuals 
given over solely to reproduction, while the others retain their 
functions of locomotion, feeding and the like. Further deve!- 
opments of colonial social organization employ almost every im- 
aginable advantage of specialization, such as entirely separate 
individuals for locomotion or support, for feeding, for appre- 
hension or defense, and for special senses. It is a fascinating 
field and tempts one to go into details of special and beautifu! 
adaptations, but for our present purpose the point I wish to 
make is that the colony is a new unit possessed of special! ad- 
vantages in its fight for existence, and superseding the individ- 
ual. Indeed we may even have colonies of colonies, and no end 
of complicated adaptations. A second point I would make here 
is that practically all colonies are really families—the compo- 
nent members are all related, being the descendants of single 
individuals or pairs of individuals which have remained grouped 
together instead of separating as they were formed. 

It has long been recognized by biologists that all many- 
celled animals—man among them—are, broadly speaking, co!- 
onies made up of individuals of a lower order. These individ- 
uals are the cells, which reach the extreme of specialization into 
tissues, having lost completely their power of separate exist- 
ence and of reproducing the species. They are entirely depend- 
ent for their existence on the successful cooperation of the 
whole aggregate of tissues, each composed of its particular kind 
of individual cells. 

The social relations so far discussed, using the word in its 
broadest possible sense, have all been between members of the 
same species. It is very common, however, for similar relations 
to be established between individuals or groups of different 
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species. Thus we have all degrees of commensalism, in which 
the advantages of the relation are mutual, and from that a 
series of relations ranging on the one hand to parasitism and 
on the other to virtual slavery. 

It is easy in the sociological history of mankind to find 
essential parallels to most of the social relations that have been 
mentioned in the foregoing. How far back the individual man, 
or his progenitor, was an entirely independent social unit we 
have no means of knowing, but, as in lower forms, the family 
was without doubt the original group, arising naturally from 
the necessary association accompanying the increasing care 
given to the offspring, which has been such a potent factor in 
man’s evolution. From the family group as the ethnic unit, we 
see gradual expansion of the unit to the group of families, or 
clan with a common descent, then to the village, the tribe, the 
small state, and finally to the nation as we are familiar with it 
at the present time. But the evolution of these various ethnic 
groups has not been in a straight genetic line. There have 
been the usual ramifications and divergencies that are common 
to all evolutionary progress. There have been some lines in 
which essential democracy was the rule, but more commonly 
specialization of labor has been accompanied by the develop- 
ment of a special governing class, while often at the same time 
a condition of serfdom, as exemplified in the feudal estates, or 
of slavery, has been imposed upon the subordinate members of 
the society. 

The philosophy of the German state of to-day appears to be 
founded on the principle of ultra-specialization. It exemplifies 
the nation as the extreme development of the unit of evolution- 
ary interaction. The reasoning is simplicity itself—the nation 
has merely become a greatly magnified individual in the strug- 
gle for existence. Its classes are its tissues. Its rulers are the 
central nervous system which guide and direct the activities of 
the whole, and just as nervous tissue is the most highly devel- 
oped in the body, being specially set aside for its one function 
and incapable of any other, it is easy to see how the “divine 
right” of the ruling classes arises—it has been so decreed by 
nature. By the same divine edict, I presume, other classes are 
destined to remain the “hewers of wood and the drawers of 
water.” And just as one tissue can not change to another, so 
on this strict specialization principle it is best for each class to 
develop for a particular function and to perfect that one func- 
tion to its highest degree. There is no encouragement to ad- 
vancement from one class to another, and least of all from the 
laboring class to the ruling. 
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The analogy might be extended to minute details, but there 
is no need. Specialization seems to be the key-note to all evo- 
lutionary advancement; the highest forms in each line of deve!- 
opment are the most specialized, and man has reached his posi- 
tion of preeminence in the animal kingdom as a consequence o 
the highly specialized state of his nervous organization. If 
this principle holds for the individual as a unit, why should 
not hold equally for the ethnic unit? 

he next step is also perfectly logical. We have seen ¢t! 
ethnic unit grow in size until it is now a large nation, but st 
having in a way the attributes of a single organism in whic! 
the various parts, under the direction of a specially segregat 
coordinating and guiding part, all work together for the com- 
mon good—meaning by good the survival of the unit. But wh 
should the organization stop here? Why should it not expand 
on the same lines until we have a mammoth sociological unit— 
or, speaking biologically, an organism of a super-order—which 
shall include all mankind and whose rulers shall direct the des- 
tinies of the whole world? This is the dream of Pangerman- 
ism. And does not the logic proceed with a fatalistic beauty 
from the first colonial aggregation of one-celled organisms to a 
German world empire? There is no room for doubt in this 
argument that the empire must come; the only question is as 
to whether it is destined to be German, and this point the pres- 
ent war is to decide. 

We shall have to admit that it is perfectly good scientific 
method to forecast future events from the record of the past, 
and if the foregoing reasoning is correct we as a people, and as 
a republic, have indeed been on the wrong path. But is it not 
possible that some pages in the history have been overlooked- 
pages with a significant importance for any forecast which ma) 
be made of the trend of social evolution? I believe this to b: 
the case, and in particular I would call attention to two facts 
which might well be disturbing to the German viewpoint. Th: 
first of these is that nature has in the past ruthlessly condemned 
to unpitying extermination forms that have become overdevel- 
oped and over-specialized. If we are to reason from analogy, 
why may we not similarly expect elimination of the over 
specialized social organization? But a greater defect in th 
argument is that it over-stresses the analogy of man’s evolution 
with that of organic evolution as based on principles established 
for lower forms. In forecasting from the trend of evolution i 
builds entirely on an academic formalism—an elementary text- 
book conception of organic evolution—and neglects the modifi- 
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eation which man himself has introduced by his mental devel- 
opment. We must not, however, forsake the solid ground of 
established principles for anything new which smacks of mys- 
ticism; we must, on the contrary, be ready to accept the chal- 
lenge that the surviving line in evolution to-day, as in the past, 
and in man as in all animals and plants, shall have a definite, 
tangible survival value. 

What I shall attempt to establish is that the most vigorous 
and promising trend of social evolution has been for some tim: 
toward democratic rather than toward autocratic forms of gov- 
ernment. If it can be determined with reasonable certainty that 
such is the case, it will not be necessary to the argument to show 
why it is true any more than it is necessary to show why nature 
perpetuated the slow-moving tortoise and eliminated its flying 
relative, the pterodactyl. We simply assume because the one 
survived and the other died, that the former was for some rea- 
son better adapted to the conditions with which it had to con- 
tend than the latter. 

Now democracies are not new, nor peculiar to recent civili- 
zation; they have appeared sporadically from time to time dur- 
ing the past centuries, but were usually short-lived. They com- 
monly died out from one of two causes; either too large a pro- 
portion of their constituent peoples were not educated to the 
point necessary for self government, or the governments them- 
selves were too weak to resist the encroachments of neighbor- 
ing nations. Nevertheless the principle of participation in their 
own government by larger and larger classes of the people has 
been steadily on the increase, until in this day nearly all the 
larger nations are, to a very great extent, truly democratic. At 
the same time monarchies have been toppling and kings have 
retained their titles only by surrendering their power. Are v 
to believe that this process has reached its zenith and that t! 
course of evolution is going to reverse itself? That is a thing 
evolutionary processes seldom if ever do. Even if autocracy 
should win a military victory in the present war, I am con- 
vinced that it would be no more than a rock in the way of an 
irresistible tide; it might retard the flow locally for a time, but 
it would eventually be surrounded and submerged. 

Man no longer reacts by inherited instincts; he is supplied 
in their stead with a mechanism for reasoning, and this mech- 
anism is generally distributed, albeit in varying degrees of per- 
fection. So long as its development could be confined to one 
class that class was in a position to govern, and to keep al! 
others in subjugation or slavery. Furthermore, by class mar- 
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riage, this condition tended to become hereditary, and to pro- 
duce a society composed of a small intellectual ruling class and 
a large ignorant proletariat. It is conceivable that this condi- 
tion might have become an established and permanent one; but 
a number of factors have worked against it. Time does not per- 
mit discussing them all, but two may be mentioned—the devel- 
opment of science and of the spirit of altruism. 

The race value of the former is easily seen. Since man has 
been using his wits to thwart natural selection, he has taken 
advantage of every invention his ingenuity could suggest for 
that purpose. It increases the advantage to any social unit i 
all its members are able to utilize any new inventions, whether 
an engine of war or an implement of industry. The time has 
passed when they need be useful citizens only in the way a 
horse is one, for they must be trained citizens—they must hav: 
capabilities beyond those of the horse. To make the story short, 
as science and industrial development have grown hand in hand, 
more and more necessary has general education become, and a: 
a people become educated they are almost certain to demand a 
share in their own government. It may be asked then, why 
have the German people as a whole been so backward in de- 
manding a real participation in governmental affairs, for their 
education has been general and nowhere was technical develop- 
ment greater? Is it due to a different hereditary mental equip- 
ment on the part of the German, or is it his environment? This 
is a question on which one now reads and hears very positiv: 
statements every day; but the biologist at least should know 
enough to be cautious in drawing conclusions. In particular the 
student of heredity knows that the question of the relative ef- 
fects of heredity and environment presents about the most diffi- 
cult problems with which he has to deal. 

To demonstrate the racial value of altruism is not so easy, 
but again the very fact that it has not only survived but has 
developed from insignificant beginnings seems to bespeak for i! 
a survival value. When a mother bird or other animal give: 
her life in the defense of her young, it is difficult to see how she 
herself has profited thereby, especially, if, as is apt to be tl 
case, the young are not old enough to care for themselves an 
consequently also perish. But we must believe that in the long 
run the behavior on her part which led to death is beneficial t 
her offspring and increases their chance of survival. Withou 
going into the intermediate steps, it is doubtless the same in- 
stinct, highly developed and modified, which impels a man to 
risk his own life to save another—even a worthless one—and t 
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feel a sense of civic responsibility. We call it the right thing 
to do—which probably simply means that in the long run it is 
the sort of action that has had a survival value for the race. 
Even the most ardent hater of all things Teutonic can 
scarcely deny that this type of behavior is dev 
sonal attribute in Germany as elsewhere; but we believe it 
should be carried a step further and applied to nations as well 
as to individuals. Germany, on the other hand, as a state deal- 
ing with other states, has no place for altruism. Are we wrong, 
however, in believing that even though, as the occasional mother 
may be destroyed in defending her young, so some nations ’ 
be crushed in the present struggle, nevertheless a comity and 
brotherhood of nations is for the vest ultimate good of all, and 
moreover that its consummation is the real prophecy to be read 
from the records of the past? At any rate the mother bird has 
something for which she is instinctively ready to fight, and so 
ought we to be ready to fight for those broader principles which 
we believe should govern the relation of man to man; for even 
though we may suffer individually, we are fighting to preserve 
the things for which we stand. 
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SOME PERILS WHICH CONFRONT US AS 
SCIENTISTS 


By Professor FRANCIS B. SUMNER 
SCRIPPS INSTITUTION FOR BIOLOGICAL RESEARCH 


O play the réle of Cassandra is commonly to invite unpop- 
ih ularity if not contempt. The average, easy-going mort: 
(which means some ninety per cent. or more of us) is by na- 
ture an optimist, and he does not wish his optimistic reveries 
to be disturbed by forecasts of impending disaster. However, 
Cassandra’s prophesies were true and Troy did fall. 

The dangers which I am about to discuss threaten all of us 
who seek to learn the ways of nature without ulterior motive. 
To realize these dangers is the first step toward averting them. 
That they are not generally realized is only too evident to one 
who reads either the editorial opinions of the daily press or 
the more learned deliverances of his own scientific colleagues. 

The perils of which I am about to speak are all manifesta- 
tions of one great fundamental Peril, whose source lies deep in 
our current habits of thought and in our philosophy of life. 
This has been variously designated as “ commercialism,” “ ma- 
terialism” and “utilitarianism.” Each of these words ex- 
presses one aspect of the truth, though each in itself is incom- 
plete. Taken etymologically, the word utilitarianism conveys 
most nearly the idea which I intend to express, though I do not 
wish to identify this meaning with the ethical theory which 
has been known by that name. 

This habit of thought is characterized by the glorification 
of utility. Its standards of value are “usefulness,” “ practi- 
cality” and “efficiency,” or, in its crassest form, dollars and 
cents. Its dearest foes are the “theorists,” the “idealist”’ and 
the “ doctrinaire.” 

The reader may be smiling, perhaps, at my tardy discover: 
of a conflict of ideals as old as civilization itself, and at th 
naive way in which I am uttering these platitudes with all the 
authority of a Hebrew prophet. Well, let us admit that what 
I shall say contains nothing very new in principle. But is it 
not true that all reforms are made possible through the reitera- 
tion of more or less familiar ideas, until at last they gain ac- 
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ceptance and are translated into action? Moreover, even if the 
main theme of my discourse is hoary with antiquity, the pres- 
ent world situation is without parallel in the past, and the dan- 
gers of which I speak are particularly menacing at this time. 
This is the more true because they are not generally recognized 
as real. 

By many it is being joyfully proclaimed that science has at 
last come to its own. Has not the Great War shown to all the 
world, and shown with unmistakable clearness, the practical! 
value of science to the nation? Has not the scientist in nearly 
every field of knowledge—the psychologist and the astronomer, 
no less than the chemist, the physicist and the bacteriologist— 
been called upon to play a vital part in the defense of his coun- 
try and of civilization? That he has answered this call with 
credit to himself and his profession is one of the outstanding 
features of recent history. Professors and doctors of philoso- 
phy are now majors and captains in the army. The impor- 
tance and variety of the services which they have rendered can 
not even be suggested in the space at my disposal. They have 
been interestingly summarized in various recent addresses and 
magazine articles.’ 

So far, this is all as it should be. That a scientist whose 
special training enabled him to aid materially in the national 
defense should have failed to devote his energies to this task 
in such a crisis would assuredly have betrayed a lack of ele- 
mentary patriotism. And the depleted faculties of our univer- 
sities are testimony enough that the call when it came was not 
unheeded. Indeed it now seems probable that this outburst of 
collective enthusiasm led many to drop valuable investigations 
of long standing and to embark upon unknown seas, in quest 
of very problematic returns. Be this as it may, the net re- 
sults of this movement were of great and obvious importance 
to the nation. 

Thus it comes to pass that even the man in the street no 
longer views the spectacled professor with the undisguised 
contempt of former years. The “high-brow” has at last made 
good. He has done something useful! So it may well be that 
within the next few years the professor will be able to meet 
his classes in garments a little less threadbare than heretofore, 
and that he will not need to beg quite so hard for the meager 
allowance upon which to run his laboratory. I even suspect 
that the legislator will now and then find himself besieged by 

‘For example, the article by Professor J. S. Ames in Science, Octo- 
ber 25, 1918. 
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taxpayers, clamoring for the more generous treatment of « 
useful a citizen. 

At such times as this the embarrassed scientist might wel] 
have recourse to the prayer: “ Lord save me from my friends!” 
For it is to be feared that in his case, popular favor must r 
largely upon a misconception of his real aims, and that it 
only be sustained by tenderly nursing this misconcept 
Herein lies his greatest temptation. Will not the scientist . 
to listen more often than in the past to those siren voices w 
promise him financial support and social recognition? Th 
vestigator who accepts these with the tacit understanding | 
direct or indirect practical results are to follow from his lab 
is likely to find himself confronted by a dilemma. Either 
will adhere to these conditions conscientiously, in which cas 
his outlook and freedom of action will be seriously restrict 
or he will fail to observe them scrupulously, and thus b! 
that spirit of truthfulness which is his most potent instrum: 
of research. Furthermore, he will sooner or later face the i 
evitable day of reckoning which will follow his failure to “ de- 
liver the goods.” 

At this point certain words of explanation may be nec 
sary. I regard all work in science as being justified by its 
value to humanity. I should apply to it the same standard as 


to music, art or literature. If there really exists anywhere 
scientist who works solely for the gratification of his persona 
appetite for knowledge, and who glories in the utter usel 
ness of his intellectual output to mankind, his suppression |! 
society would be altogether justifiable. This is the more tru 


since such a being would not merit the name of scientist. Sci- 
ence is, by nature, a social function. But such a grotesq 
caricature probably does not exist, at least outside of a lunati 
asylum or the pages of comic literature. 

Let us repeat then, science must be justified by its value t 
mankind. But we must recognize the existence of various 
standards of value. That there are standards far higher than 
those generally recognized and applied to this question is the 
main theme of my discourse. 

A further word of explanation is desirable. I have no sym- 
pathy with the scientist—if such a one indeed exists—who re- 
gards scientific knowledge as being tainted by its applicatior 
to the practical needs of life. The task of utilizing the forces 
of nature to the fullest, whether in saving our labors, increas- 
ing our pleasures or diminishing our pains, should be pursued 
relentlessly. And the student of nature who turns aside from 
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his quest for truth to offer his assistance in the making of any 
such practical application does not necessarily degrade himself 
or compromise his scientific ideals. 

But here again we are probably dealing with a caricature 
rather than a reality. However that may be, the caricature is 
one that has so often been drawn that many in our midst have 
perhaps been led to believe in its actual existence. The real 
element of truth in the picture is the recognition by some of 
us of the dangers which may beset the path of the investigator 
who endeavors to combine “ pure” and “applied” science. One 
of these dangers, already referred to, is the acceptance of finan- 
cial support under conditions which must limit the investi- 
gator’s freedom of action. Another is the insidious impair- 
ment of his intellectual honesty which sometimes results from 
an endeavor to cooperate with those who may entertain widely 
different standards of value and of truthfulness from himself 

We must now look a little further into this matter of stand- 
ards of value. There was a time, early in my own life, when 
I decided for certain reasons to abandon the pursuit of biology 
as a profession and to study medicine. I well remember the 
warm approbation with which my decision was greeted by cer- 
tain high-minded relatives of mine, on the ground that I should 
henceforth be working for the benefit of humanity. To merely 
extend the boundaries of knowledge seemed too much like a 
selfish pastime. Yet it is doubtful if selfishness of motive would 
have been imputed, had I shown talent along artistic lines and 
chosen the career of poet, musician or painter. The need of 
“applying” these latter gifts in any special way to the “ benefit 
of humanity ” is seldom insisted upon, at least by educated per- 
sons. They are, in themselves, credited with being elevating 
to mankind, and the artist’s only duty in the matter would seem 
to be to give (or sell!) his creations to the public. Fortunately, 
as I now believe, I once more reversed my decision and have 
ever since continued unrepentingly in the humble quest of sci- 
entific truth. 

In passing, one can not refrain from paying his respects to 
an educational system which refuses to recognize the cultural 
value of science, and which treats it—when it does not ignore 
it altogether—as consisting merely of useful precepts regard- 
ing the preservation of health or the basic principles underly- 
ing this or that skilled profession. 

But in the long run, the scientist himself can not altogether 
escape responsibility for these misconceptions. He commonly 
recognizes no obligation to enlighten the public regarding his 
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activities, and when he does so he is only too apt to shame- 
facedly hide from view the real sources of his inspiration and 
to talk the same utilitarian lingo as the world around him. 
And from talking it, he may more and more come to belie, 
in it.? 

Much of the current defense of science, as voiced by sor 
of its acknowledged spokesmen, and by the editors of some 
our foremost scientific journals, seems to me to be sadly o 
sided, if not actually disingenuous. We are quite prepared | 
hear our manufacturers talk of science as the “ handmaid 
industry,” but it gives us something of a shock to find such 
utterance as the following quoted with approval by one of our 
foremost astronomers. “ Without the aid of science,” we : 
told, “the arts would be contemptible; without practical app! 
cation, science would consist only of barren theories, which me: 
would have no motive to pursue.’ 

Let us grant that, other things equal, the scientific discoy- 
ery which admits of practical application is of greater impor- 
tance to mankind than one which admits of no such application. 
In other words, the practical application may bestow a certain 
added value upon an otherwise important discovery. But this 
is far different from making practical applicability the so! 
criterion of the importance of a given bit of knowledge. On 
might well seek for the practical applications of the Copernican 
theory of the heavens, or the doctrine of organic evolution, 
albeit both of these hypotheses have revolutionized our habits 
of thought and our outlook upon the world in which we live. 

I can not admit for a moment, indeed I feel it my duty to 
combat with whatever force and logic I can muster, the conten- 
tion that practical applicability, in any commonly accepted 
meaning of the terms, is to be regarded as the fundamental 
standard of value in judging of the importance of scientific dis- 
coveries. If the meaning of these terms is to be so extended 
as to cover any form of benefits, mental, moral or material, 
which may accrue to mankind from the growth of natural 
knowledge, we could, of course, no longer reject this as the all- 
sufficient standard of value. But such a perversion of mean- 
ing would not make for the interests of clear thinking. Far 
from it, we should confuse an issue which is now a tolerably 
clear one. 

4See the quite pertinent remarks of Dr. W. J. Crozier on this sub- 
ject (Science, August 23, 1918). 

3 Quoted by Dr. George E. Hale, in an address under the auspices 
of the Engineering Foundation (Science, November 22, 1918). 
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In an extremely interesting recent volume, entitled “Science 
and the Nation,’’* there are brought together the views of more 
than a dozen prominent English investigators, chosen from 
nearly as many different fields of pure and applied science. 
The writers herein consider this very question of the outlook 
for “pure” science after the war. Each of them insists upon 
the necessity for a fuller recognition of science by the nation, 
if the British Empire is to maintain its preeminent position in 
the world. Some of them are eloquent in demanding absolute 
freedom for the investigator to pursue his researches, regard- 
less of their practical consequences. It is refreshing, for ex- 
ample, to hear a metallurgist speak in such language as this: 
“Tf the practical spirit—important and valuable as that is in 
its right place—is permitted to rule our research laboratories, 
it would be apt to sterilize our investigations and to rob us of 
the very fruit at which we should be trying to snatch.’* And 
again we are warned by the same writer that “‘ research,’ un- 
dertaken with a directly practical object, may actually hinder 
progress rather than assist it.’ 

Throughout all of these pages, however, the practical ap- 
plications and inventions are treated as the real “fruits of 
science,” which are to be attained in these devious ways.’ “ The 
game [in this particular case the useful knowledge of disease] 
has to be stalked from long distances and often by circuitous 
routes.”* ‘“‘Men who prove themselves especially adapted to 
purely scientific work must be subsidized in order that they 
may be able to devote themselves entirely to the task of scien- 
tific discovery.”® Why? Because it is this “experimental in- 
vestigation towards abstract ends which has furnished such 
gigantic contributions to the world’s wealth during the past 
century.” 

In other words, it would seem that, even to this group of 
university scientists, the study of natural phenomena derives 
its ultimate justification from the useful by-products which it 
yields. 

*Cambridge University Press, 1917. 

*Professor Walter Rosenhain, p. 77. 

* Ibid., p. 56. See, also, similar remarks in address by Dr. C. E 
Kenneth Mees, director of the Research Laboratory of the Eastman 
Kodak Company. (Science, June 2, 1916.) 

7 Professor W. H. Bragg, p. 25. This is also the burden of Ex- 
President Eliot’s address on “The Fruits, Prospects, and Lessons of 
Recent Biological Science,” delivered as president of the American Asso- 
ciation for the Advancement of Science (Science, December 31, 1915). 

* Lord Moulton, introduction, p. xvii. 

* Professor W. J. Pope, p. 23. 
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We must remember, of course, that this volume was writ- 
ten during a great national crisis, when all the forces of th 
empire had to be mobilized for the purposes of defense. And 
we must remember too that the stagnant condition of the ap- 
plied sciences in England was to a considerable extent respon- 
sible for her early military reverses. But with all due allow- 
ance for these circumstances, it seems to me that science ha 
not received fair treatment at the hands of her own votaries. 

The journal Nature has, for years past, been filled wit! 
stirring pleas for the public support of scientific investigation 
and scientific education in England. These pleas have doubt- 
less been sadly needed, though there seem to be substantial rea- 
sons for hoping that the nation is at last becoming disposed 1 
heed them. It is depressing, though perhaps at this time in- 
evitable, that these appeals on behalf of science should rest 
their case mainly upon its contributions to the national wealth 
and national defense. 

The friends of knowledge for its own sake will watch wit! 
the greatest concern to see whether these utilitarian motives 
will continue to dominate the scientific life of England now 
that the hour of peril has passed. For the war has really don: 
nothing more than to accentuate a point of view which seems 
to have been gaining ascendancy for years past, in our ow 
country as well as in England. We have long been accustomed 
to justify the comparative freedom which we sometimes ac- 
corded to our investigators on the plea that useful results 
turned up in all sorts of unexpected places, and that one could 
never tell in advance what lines of research would prove to bs 
profitable. Add to this the unfortunate circumstance that the 
scientist was known to be an intractable sort of a being, who 
had to be allowed to gratify his perverse curiosity in order to 
keep him in the harness at all. 

A writer in the New York Evening Post has expressed so 
well my own point of view in this connection that I can not 
refrain from quoting him rather fully. He says: 

There can be no doubt that the gospel of relentless “ efficiency” to 
which the war has given so great an impetus carries, deeply embedded in 
it the seeds of hostility to all activities and interests which find their 
spring in intellectual aspiration or enthusiasm. At best, from the stand- 
point of the efficiency cult, such endeavors have to be justified by the 
plea that, divorced as they may seem to be from practical objects, they 
do conduce to the advancement of the common ends of the nation or of 
mankind, though the connection may be remote or subtle. The plea can 


be made good over a very broad area. . . . But the argument is a thorny 
one; and that is not the worst of it. The mere necessity of resorting to 
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such a defensive plea, the mere surrender of the proud conviction that 
the pursuit of truth is in itself a noble end which requires no secondary 
justification, must immeasurably depress the tone of scientific enthusiasm 
and impair the energy with which its objects are pursued 

And it has to be confessed that, long before the war began, . 
another factor was working powerfully toward the production of the 
same effect. For years, and most of all in this country, the idea that 
“service” is the only justifiable motive of intellectual endeavor had been 
steadily gaining ground.!° 

Before detailing further the harmful results of such a utili 
tarian justification of science, let us pause to examin 
philosophy which underlies it. 

Those who hold this view of the mission of science in 
world resort continually to such expressions as “ usefulness” 
or “benefit to humanity.” Now we might, it is true, so stretch 
the meaning of the word “useful” as to cover all of our so- 
called “spiritual” needs. Thus Professor Gamble tells us that 
“the function of pure science is to pursue useful knowledge,” 
but he goes on to say that “by useful knowledge is meant 
knowledge which contributes to the moral, social, intellectual, 
esthetic, and material welfare of mankind.” 

Well, this may be what Professor Gamble has in mind when 
he uses the word “ useful,” but the world in general will not so 
understand him. As I have already said, such language merely 


tends to befog the issue. The “uses” and “ benefits to human- 


’ 


ity” which the public at large expects to derive from the labors 
of the scientist are inventions and applications to the practical 
affairs of life. 

It is not at all evident why “fruits” of this type should bs 
acclaimed as benefits to humanity, while weighty contributions 
to our understanding of nature should be put aside as mere 
luxuries of the mind. Nor can we comprehend why the author 
of a useful invention should be hailed as a philanthropist (in 
addition to the financial rewards which he receives) while the 
student of basic principles should be looked upon as a selfish 
recluse. 

One is tempted, now and then, to affect an air of Socratic 
interrogation and to ask the use of some of these practicai 
achievements. Suppose that we do, for example, succeed in 
shortening by six hours the journey from New York to Chi- 
cago, or in lengthening by five years the average span of man’s 
life, or in making two blades of grass grow where one grew 
before. What shall we do with those extra six hours or five 


, 


New York Evening Post (article reprinted in Science, March 2, 
1917). 
11“ Science and the Nation,” pp. 113, 114. 
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years, and what will the increased population do which is made 
possible by a greater food supply? It may all mean a merely 
quantitative increase in the total amount of living—by n 
means a self-evident advantage, according to my way of think- 
ing. The great mass of humanity is engaged in discharging 
the purely vegetative functions of the social organism, in kex p- 
ing alive the individual and the race, and in maintaining a cer- 
tain low minimum of comfort. To merely increase the tota 
amount of this vegetative activity in the world seems to b: 
widely accepted as one of the chief goals of human endeavor 
And this belief appears to underly much of the utilitarian ap- 
praisement of science. 

Then too, what of all these achievements in the way of add- 
ing to our comforts and diminishing our sufferings and super- 
fluous labors? Important as we may grant these to be, their 
value, after all, is largely of a negative sort. They consist, for 
the most part, in the removal of obstacles to a fuller life and 
higher development. They in themselves contribute but litt 
directly to that development. The labors of the scientist, along 
with those of the artist, the poet, the philosopher and som: 
others, do contribute directly to it. But our utilitarian defend- 
ers of science arrogate to themselves the credit for a broader 
humanitarianism than that which inspires the labors of the 
mere seeker for truth. The whole issue really depends upon 
one’s conception of what is most worth while. Which is thé 
higher aim—to make room in the world for the greatest possi- 
ble number of human animals, or to make the world a more 
interesting and intelligible place to live in: to feed the belly 
or to feed the brain? 

True it is that the alimentary needs must first of all be met, 
and that they are, for a large section of humanity, still quite 
inadequately provided for. But let us never forget that ali- 
mentation is a means rather than an end, that the consumption 
of coal is not the real reason for the steam-engine’s existence. 

I can not leave this subject of the higher services of science 
without calling attention to an aspect of the matter which has 
received inadequate attention. Science has frequently been 
charged, not only with being irreligious, but with being un- 
moral, if not actually immoral in its tendencies. But strong 
arguments for the ethical value of science have been presented 
by various writers. Thus Professor E. P. Lewis, in an admira- 
ble recent article,**? dwells upon the elevating effects of the sci- 
entific habit of mind on character. 


12“ The Ethical Value of Science” (ScIENTIFIC MONTHLY, Novem- 
ber, 1918). See also address on “The Higher Usefulness of Science,” 
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The scientist has the same human failings as other people; he may 
have no better intentions nor be more righteous-minded than they; but 
he can sometimes act more intelligently in carrying out his good inten 
tions. Science teaches us to seek the truth without prejudice; it develops 
the habit of disinterestedness; it leads us to consider all known element 
in making ethical judgments; it prompts us to seek the amelioration 
the health, the well-being, the happiness, of our fellow men; it diverts 
our vision from the fruitless contemplation of a past in which we ca! 
play no part to the present wherein lies our task; and it bids us to 
sider the future and the welfare of generations still 


Professor Lewis points out, furthermore, the “rea 
that too much stress may be laid on [the] material aspect 
research, which are not science, but only its by-products.” 
And he holds it to be “important for the interests of society 
that teachers of science should lay more emphasis upon its in- 
tellectual and ethical significance.” 

Let us consider further some of the baneful effects which 
may be expected to ensue from the adoption of this narrow]; 
utilitarian view of the mission of science. It is generally 
agreed that the Great War is likely to have, as one of its 
sequelez, a heightened activity along scientific lines. This, by 
many, is being acclaimed as part of that silver lining which 
every cloud is supposed to possess. But there are grave dan- 
gers in the situation, as I have already tried to indicate. For 
the kind of scientific activity which was stimulated by the war 
was inevitably utilitarian in the crassest sense of the word. 
The ends in view were military, industrial and sanitary. Re- 
searches along those lines which we rather inappropriately 
term “‘ pure” science, suffered from the withdrawal of support 
and from the transference of the investigator’s attention to 
more urgent needs. To what extent is this shifting of empha- 
sis irreversible? The investigator who continues along the 
newer paths will doubtless be following the line of least resist- 
ance. He will have all the force of public approval behind him. 
And this is a powerful force when brought to bear upon a social 
being. The investigator may, to use the words of Dr. Raymond 
Pearl, come to “supplicate the great goddess Truth with one 
ear closely applied to the ground.” 

Again, the Great War has taught us, as never before, the 
power of organization. German organization came perilously 
near to conquering the world. It was only the tardy adoption 
of similar methods of organization by the Allied Powers that 
finally won the day for democracy. Hence it is that “ individ- 


by Professor W. E. Ritter, contained in volume having the same title 
(Richard Badger, 1918). 
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ualistic”’ ideas seem to be thoroughly discredited for the time 
being, and that something like a mania for organization is 
sweeping over the world, at least so far as we may judge from 
conditions in England and America. 

Says Professor H. E. Armstrong: “Science must be organ- 
ized, in fact, as other professions are organized, if it is to be an 
effective agent in our civilization.” 

The editor of Nature tells us that 


in no class of work involving many workers can we dispense with or 
ization. An army is not a collection of armed individuals. ... 1 
present method of conducting scientific research is a go-as-you-please 
method, in which each man does what his own inclinations suggest { 
him or the means at disposal allow him to do. . . . We have to get rid 
in every department of work . . . of waste, inefficiency and make-believ: 
or valueless products. We have to get rid of them in scientific research 


] 


as well. This can only be done by limiting the individual initiative and 
adopting greater and more carefuly thought-out cooperation.’ 


The Committee of the Privy Council for Scientific and In- 
dustrial Research for the Year 1915-1916 voices the opinion 
that “effective research, particularly in its industrial applica- 
tions, calls increasingly for the support and impetus that com: 
from the systematized delving of a corps of sappers working 
intelligently, but wnder orders.’ 

A sub-committee of the Committee of One Hundred on Sci- 
entific Research, in our own country, thinks fit to point out, in 
referring to a staff of investigators in a research laboratory, 
that “the individual can exert only a very small influence ex- 
cept as a member of an organization or institution.”*® To this 
last assertion a critic has replied: “One wonders what institu- 
tion or organization Newton or Darwin belonged to, without 
which ‘they would have exerted only a very small influence.’ ” 

Now I do not intend to stultify myself by calling in ques- 
tion the power and the value of organization, at least when 
properly applied. The process of evolution, the passage from 
a lower to a higher state of being, is measured in terms of 
organization, and in this process the integrating or coordinat- 
ing factor is no less important than the specialization of parts 
or of individuals. 

13 Nature, October 22, 1914. 

14 Nature, November 11, 1915. 

15 Nature, September 7, 1916 (Italics mine). 

16 Science, January 12, 1917. Such opinions could be multiplied 
voluminously. Some recently published remarks of Ex-Senator Elihu 
Root (Science, November 19, 1918), might be cited as extreme examples. 

17 Science, March 2, 1917 (anonymous). 
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But, as has often been pointed out, there are limits to the 
value of the conception of society as an organism. The biolog- 
ical organism acts as a unit, without any agreement of its parts 
so to act. There is but one guiding intelligence, which domi- 
nates the whole. Society, on the contrary, possesses as many 
intelligences as there are individuals, even though many or a! 
of these may think best at times to surrender their own free- 
dom of judgment and to be guided by the decisions of others. 
Society may act as a unit, but it can never think asa unit. This 
is true even in those rare cases when most of its component 
members chance to be stirred by the same idea. However much 
one mind may influence another, thinking is an individual! and 
not a collective function. And we are all agreed as to th 
homage due to the genius, whose mental achievements owe the 
least to suggestions from his fellow men.’ 

Intellectual activities may be “ organized,” of course, in th 
sense that a group of individuals may cooperate toward th 
attainment of some specified end. And it may at times further 
this common cause if the component minds delegate a certain 
part of their own initiative to some higher “coordinating cen- 
ter.” Such an arrangement as this, indeed, may be the most 
efficient way in which to utilize the activities of a group of 
mediocre minds. But it is obvious that what is gained in col- 
lective efficiency is lost in individual spontaneity. The argu- 
ments by which we seek to justify democracy versus autocracy, 
in political life, apply to a large extent here. Be that as it may, 
it is significant to note that practically all of the really revolu- 
tionary discoveries in the history of science have been made by 
individuals, working not in solitude, it is true, but likewise not 
bound by any scheme of cooperative effort, involving others 
than themselves. 

One of the chief risks inherent in any extensive cooperative 
scheme of scientific research is the fact that one may readily 
come to spend most of his time in “cooperating,” and have lit- 
tle time left for the discovery of facts. Another grave danger 
has been pointed out clearly by various recent writers. Or- 
ganization may readily open up the way for the activities of 
a type of executive whose influence is largely inimical to the 
true spirit of science. This executive may be a more or less 
successful man of science who becomes ambitious for wider 
powers, or he may belong to the purely administrative or busi- 
ness class. In either case, he is likely to be autocratic in his 


La) 


17a] am not aware that any serious attempt has been made to orga» 
ize the creative efforts of our painters, poets or musicians 
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temper, and to regard the organization over which he presides 
as an instrument for carrying out his own ideas. If, as may 
well happen, these ideas contemplate real advances in scientific 
knowledge, the chief damage done is to the morale of the in- 
vestigators, whose powers of original work can not fail to be 
impaired. 

But if we have to do with the purely business type of ex- 
ecutive, matters will be far worse. Such a one is almost cer- 
tain to be a utilitarian, in the sense in which I have been using 
this term. That is, he will look upon scientific research as 
justified merely by its direct or indirect practical results. He 
will apply business criteria in his estimates of the men under 
his supervision, and will grade them in large degree according 
to the salaries which they are willing to work for. He will be 
disposed to assign an undue importance to his own adminis- 
trative function, and to think of the investigators under him 
in much the same way as the factory superintendent regards 
the “hands” who operate the machinery. 

So extreme a condition as this is, it is true, probably seldom 
realized. Such an executive would soon learn by experience, 
even if his business instincts did not teach him better at the 
outset, that a state of affairs like this would defeat his own 
ends. But, subject to such modifications as a higher prudence 
would dictate, the general situation could not fail to be much 
as I have outlined it. Indeed, it is safe to say that conditions 
approaching this have been realized over and over again in our 
state or national research institutions and even in some of our 
universities. 

Let me quote the words of a man who, as we all know, is 
no mere doctrinaire scientist, but who himself holds a respon- 
sible administrative post. Dean Eugene Davenport, of the 
Illinois Agricultural Experiment Station, has devoted several! 
pages to a scathing indictment of what he terms the “cult of 
administration.’’** 

“The rate and the intensity with which administration un- 
der one pretext or another is coming to dominate research in 
this country, especially along agricultural lines, is,” he tells us, 
“little short of appalling to any candid observer who takes 
stock of the situation and who has the courage of his convic- 
tions.” He then proceeds to narrate in picturesque terms how 
the investigator’s hands are tied and his spirit crushed by the 
exacting demands of officialdom. 

18 Address of the chairman of Section M (Agriculture) of the 
American Association for the Advancement of Science (Science, Febru 
ary 16, 1917). 
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In summing up the situation, he insists—this practical man 
of affairs—that 


administration can not vitalize research. Its whole effect is restrictive 
and hence should be reduced to a minimum... . All progress in science 
is the result of individual interest, initiative, invention and energy, all 
of which must be resident in the worker. The driving force that brings 
results is internal, not external, to the explorer after new truth. It 
beckons from ahead and does not prod from behind 

does no work. It is a harness put upon activity. Its purpose is not 
to actuate, but to restrain and forbid. . . . The effect of too much 
administration upon the scientific worker is at first one of disappoint- 
ment, then of discouragement, and finally of disgust. Conditions as they 
are now developing not only constitute an unhealthy example for our 
young men in college, but they are deterring thoughtful men from enter 
ing the public service. 


Modern efficiency standards are not applicable to research. 
“Under what project,” queries this same writer, “did Darwin 
work? Did Faraday report regularly upon the progress of his 
mental wanderings after firm resting places?” 

Now that much heralded “cooperation in science,”’ which 
is to regenerate the world, might not of necessity bring in its 
wake all of these evils of administration which Dean Davenport 
depicts. But there can not fail to be a strong tendency in that 
direction. All this may be said with a full recognition of the 
necessity for that stimulus which comes alone from contact 
with others having kindred interests. Isolation means intel- 
lectual stagnation. “The solitary scientist is likely to put a 
great part of his life into pathetic futilities” (Elihu Root). 
It is inconceivable that any group of specialists in allied fields 
should be thrown together in close association without there 
resulting much valuable interchange of thought, even if this 
did not take the shape of actual formal collaboration in their 
researches. 

We may go further and grant that many important prob- 
lems of science can only be solved through deliberate, coopera- 
tive effort, and that the extent and importance of such coopera- 
tion is bound to increase with the growth of civilization. But 
the dangers of this tendency should none the less be fully rec- 
ognized. In general, it would seem that each case should be 
decided upon its own merits. Those who contemplate any par- 
ticular cooperative program should, it seems to me, first ponder 
well the question whether the increasing degree of adminis- 
trative routine and the suppression of individual initiative 
would not more than outweigh any compensating advantages. 

In these days of national prohibition, press censorship and 
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espionage acts, I realize that “personal liberty” is no longer 
a slogan which will arouse much public enthusiasm, and I am 
quite aware that “individualism” and “laissez-faire” have 
latterly become terms of reproach. But there seems to be a 
decided danger that we may go to the opposite extreme. I have 
before me an article in the Independent* by a prominent uni- 
versity president, and another in the New York Times* by an 
anonymous “university professor now in the service of the 
United States.” Both discuss the recent reorganization 
American universities in the interests of the Students’ Army 
Training Corps. And both voice the fervent hope that this 
experiment in militaristic paternalism will be continued indefi- 
nitely after the close of the war. 

Indeed the writer in the New York Times assures us wit 
the utmost complacence that it will be continued. Young men 
—and women too—will henceforth be drafted as paid cadets 
into our universities, which will remain governmental institu- 
tions. The courses pursued by each of these “ student soldiers ” 
will be prescribed according to his individual needs and abili- 
ties, and “‘non-essentials,” or subjects for which he is not par- 
ticularly fitted will be stricken from his curriculum. Upon the 
rating which he scores in his various tests of ability will de- 
pend, not only his military rank in the great citizen army, but 
his preparation for a business or professional career. ‘“ Nor 
will a professor, who [as an army officer] has learned to com- 
mand and to obey, allow the old easy-going laissez-faire doc- 
trine to permeate his lecture hall or laboratory,” for militar) 
discipline, now that we have learned it, “‘ won’t soon be forgot- 
ten even in our classrooms.” This “all looks like a Utopian 
scheme,” concludes our writer, “but already we are doing it, 
and acquiring the habit.” 

Heaven help this Republic if our sons and daughters are 
to be trained for life as khaki-clad marionettes! 


What, then, seems to be the duty of the man of science in 
the face of these dangers which threaten him both from within 
and without? To begin with, I should say, he should have the 
courage of his convictions. There is no question that he has 
often wavered in his faith in the importance of his own mis- 
sion. The competent investigator who decides to practice medi- 
cine or to undertake elementary teaching for the reason that 


19 October 5, 1918. In a later article (Dec. 14, 1918), President 
Thwing has, it is true, laid considerable emphasis upon some of the 
“losses in educational values arising from this revolution.” 

20 October 20, 1918. 
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ie “wants to do some good in the world,” may be actuated by 
praiseworthy motives, but he is sadly lacking in appreciation 
f his own high calling. 

Once more, unless his real interests and abilities lie in the 
field of practical application, the scientist should steadfastly 
refuse to compromise with the utilitarian spirit, even though 
he thereby forfeits social recognition and financial support. 

With the reinforcements which the developments of the war hav 
from so different a quarter brought to this tendency, it is more than ever 
necessary for those to assert themselves who know how precious to 
life of us all is that element which is supplied by the devotion of 
lives of some to the pursuit of truth for its own sake, or even for 
sake of the fame which is the natural reward of signal success 


Let those few fortunate ones who control the disposition 
of funds given without hampering restrictions sturdily refuse 
to divert these funds to utilitarian ends. A glance at the bud- 
gets of some of the organizations engaged in industrial and 
agricultural research in this country is conclusive proof that 


this type of investigation may be trusted to take care of itself. 

There are, we are reliably informed, upwards of fifty cor- 
porations in this country, the annual expenditures of which on 
research range from $100,000 to $500,000. The General 
Electric Company expends annually on research from $400,000 
to $500,000, and has a laboratory staff numbering 150. The 
laboratory of the Eastman Kodak Company cost $150,000, and 
its annual cost of maintenance is about the same. The Mellon 
Institute of Industrial Research spends $150,000 annually on 
salaries and maintenance, and its buildings and equipment cost 
over $300,000. 

Passing to those of our government departments which 
conduct scientific investigations, the Department of Agricul 
ture, in 1915, spent about $25,000,000, largely for research and 
education; the Bureau of Standards is said to spend annually 
about $600,000; the Bureau of Mines a nearly equal amount, 
and certain other bureaus expend smaller, though very consid- 
erable, sums.** Our 52 state agricultural experiment stations 
have a total revenue of some $5,000,000 annually. 

How trifling, in comparison with these immense sums, are 
the amounts which are devoted to the quest of knowledge with- 

*t New York Evening Post, quoted in Science, March 2, 1917 

22 Nature, March 23, 1916. 

Nature, August 9, 1917. More recent figures are not accessible 
to me, but these expenditures have doubtless increased 

24 Nature, May 31, 1917. 

25 Thid. 


VOL. Vill. —I18. 
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out ulterior ends! To jealously guard that little from the e 
croachments of utilitarianism can not reasonably be imput: 
to any spirit of hostility to the practical utilization of scie) 
tific discovery. I think it the only tenable position at prese: 
for one who has a proper conception of the worth of scien 
and who realizes the dangers which beset it. 

Finally, it is the duty of the scientist to assume respons 
bility, as never before, for the enlightenment of the public up 
the aims, the achievements and the real value of science. | 
this educational appeal, let him lay his chief stress upon t} 
steady deepening of our insight into nature and life whic! 


science has given us. Let him show, as he of all persons shou 
be best capable of showing, the bearing of his own special dis 
coveries upon these wider realms of knowledge. But let hi: 
set aside once for all the wretched make-believe that these dis- 
coveries derive their real justification from the fact that th 
may in some remote way help to stimulate invention or put 


money into some one’s pockets! 





PROBLEMS OF 


SOME PROBLEMS OF GAS WARFARE 


By Dr. ELLWOOD B. SPEAR 


ryxHE initial use of gas by the Germans at Ypres in 1915 and 
| the subsequent adoption of gas warfare by the allied 
armies introduced a large number of problems of vital impor- 
tance to the nations involved in the World War. While thes 
problems taxed to a very great degree the ingenuity of the s 
entist, the engineer, the military strategist and the manufac 
turer, they by no means lacked that fascination which charac 
terizes all research, an intellectual journey into the unknown 
Although this fascination was augmented by the fact that the 
problems were nearly all new and the field almost limitless, 
nevertheless the flight of the imagination was circumscribed by 
the stern condition of immediate practical utility and the neces 
sity for rapid solution. 

Another feature especially prominent in the early stages of 
gas warfare was the unstable nature of the problems. The a 
on the screen was continually changing. The solutions of ves 
terday might not meet the requirements of to-day, and the pra 
tise of to-day might become archaic by to-morrow. The kalei- 
doscopic nature of these changes can be best illustrated by) 
brief account of the tactics of the offensive and the developme? 
of the defense, the chief feature of which is the gas mask. 

The first object of the use of gas by the military strategist 


- 


was, of course, to destroy the enemy. With this purpos« 


view the Germans made their first gas attack by means of poi 
sonous clouds. Chlorine was compressed into cylinders tha 
were placed in their own front-line trenches. The cylinders 
were fitted with a suitable hose and nozzle so that at the ay 
pointed time the valves could be opened and the gas allowed 
escape. Chlorine is particularly adapted for this method 
attack. It is fairly easily compressible into the form of a liquid, 
but six atmospheres being necessary at ordinary temperatur 
It is very poisonous, one to two parts per ten thousand of 
sufficing to result in death if breathed for five minutes. 
the additional property of being heavy, about two and one-hal! 
times the weight of an equal volume of air. Consequently it 
does not tend to rise rapidly into the upper air, but, on the con- 
‘Figures 1 to 8 inclusive are published with the permission of the 
Director of the Chemical Warfare Service 
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trary, rolls along the groun 
seeking out and filling all th 
low places such as trenches 
dugouts, shell holes and so on. 
The result of the attack 
now a matter of history. Th 
French Colonial black troop 
broke and fled. Who can blan 
them? The Canadians went int: 
this particular sector twelv 
thousand strong. When the 
were relieved five days later but two thousand remained aliv: 
A very large portion of the ten thousand died as a result of th 
effects of the gas. In fact, had it not been for the presence ot! 
mind of some of the officers 
who ordered the men to put i%» MINENWERFER GAS SHELL 
wet cloths over their faces and /—\ 
lie flat on the ground face if) 
downwards the entire force 428k) =< iE 
would have been annihilated. , Lab Zz 
Fig. 1 shows a German gas H 
cylinder in position in the 
trench. 
Although successful at times 
this form of gas warfare was 
seldom used in the later stages 
of the struggle, owing to the inherent disadvantages of th 
method. In the first place the wind must obviously be in th 
right direction. It must not be too strong—less than twelv 
miles per hour—or the gas will be whirled 
about and dissipated before the goal 
reached. It must not be too low or it ma) 
change its direction, in which case th 
offense may suffer more than the defense 
In the second place, the greatest conce! 
tration is at the wrong end, directly b 
fore the trenches of the attacking part: 
Consequently if the gas is to be follow 
by an infantry attack the offense mus! 
endure more than the defense, or the at- 
tack must be delayed until most of th 
opportunities created by the gas are lost 











1 Lieeti 2A ‘ ; 
A much more effective method dependins 


Fie. 3 GERMAN GAS 


upon the wind was being developed by th: 


SHELI 





PROBLEMS OF GAS WARFARE 


American gas offensive, the details of which are not yet 
publication. 

It was soon realized by both sides that some more depend 
able means must be devised to create an efficient concentration 


of gas in the enemy’s territory and the development of the gas 


shell is the result of these researches. Figs. 2 and 3 give sche- 
matic views of German gas shells. Gas shells are mad 
both large and small caliber guns. The former may del 
several quarts of the poisonous liquid at a single shot. 

For certain kinds of work, gas shells have a great advantage 
over even the high-explosive variety. The latter may kill by 
direct hit or by the subsequent explosion. The former may do 
all this; but in addition the liberated gas may be carried to con 
siderable distance from the spot where the explosion takes plac 
and gas the enemy who has been protected from the high ex- 
plosive by dugouts, etc. 

However, the disastrous effects of both the gas cloud and 
the gas shell are largely offset by the high efficiency of the mod 
ern gas mask, and this brings us to the second object of the 
military strategist, viz., to annoy and hinder, or in military 
parlance, to “‘neutralize” the effectiveness of the enemy. I 
will be obvious even to the casual observer that the ability o! 
the soldier to serve a gun, to shoot or to transport supplies is 
greatly reduced if he is obliged to wear a gas mask. In point 
of fact it is claimed by military men that the effectiveness of 
artillery is cut down sixty per cent., while the infantry fares 
scarcely any better, two men being required to perform thé 
functions of one unhampered by this impediment. 
‘neutralizing,’ ordinary poison gas may 


For purposes of 
of course be employed. An occasional gas shell will prevent 
the enemy from removing his mask, but his life may be ren 
dered almost unendurable by many substances really not gas¢ 
in the accepted sense of the term. Lachrymators or tear gases 
such as benzyl bromide, are heavy liquids which when sprayed 
over the ground in small quantities by the explosion will caus« 
a copious flow of tears for hours if the eyes are not protected 
by the gas mask or other device. Moreover the celebrated 
“mustard gas,” also a heavy liquid, will cause burns on the 
skin of such a vicious character that the soldier may be inca- 
pacitated for months. A partial list of gases that have been 
employed on the battlefield is given below. 


Gas Clouds: 
Chlorine. 
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Shells: 

Phosgene. 

Sulfur trioxide. 

Benzyl bromide, German T-Stoff. 

Xylyl bromide, German T-Stoff. 

Dichloro-diethysulfide, “‘ Mustard Gas 
German Yellow Cross. 

Diphenyl-chlorarsine, “ Sneeze Gas,” 
German Blue Cross. 

Trichlormethyl-chloroformate, Germa 
Green Cross. 

Monochlormethyl-chloroformate, 
German K-Stoff. 

Nitrotrichloromethane, “ Chlorpicrin 

Brominated-ethyl-methyl ketone. 








Dibromo-ketone. 
Allyl-iso-thiocyanate. 
Dichlormethy] ether. 

Phenyl carbylamine chloride 





Hand Grenades: 
Chlorsulfonie acid. 


Dimethyl sulfate. 
Methyl-chlorsulfonic acid. 


Bromacetone. 
Bromine. 
Chloracetone. 


THE DEVELOPMENT OF THE GAS MASK 
When the Germans launched their first gas attack they wer 
provided with a crude and inefficient device similar to the on 
shown in Fig. 6. Later 
they developed a much 
more serviceable mask as PERFORATED SHEET iRon 
represented in Figs. 4 i: 


CANISTER OF GERMAN RESPIRATOR 





and 5. The British, as ; — a on 
. oe meester bg . MAON WIRE DISCS 
already stated, first em- sees 
ployed a wet cloth. Even 
damp earth was found to 
have some virtue as a 
. . . of bered earth soaked iF 
protection against gas. etossium carbonate selvtien and 
~ overe?” with pewdered cherceo! 
In a very short time  6-chorcce 
English scientists had ‘°#*« se 
devised several types of 
respirators. These con- 
sisted chiefly of cotton wool soaked in photographer’s “ hypo” 
and washing soda. The deleterious effect of the latter upon 
the skin was reduced somewhat by adding a small amount 
of glycerine. The wool was attached to a cloth that was bound 





PROBLEMS OF GAS WARFARE 





around the mouth and nose, as 
shown in Fig. 6, or it was held in 
the mouth until the cloth could be 
placed in position. The wool was 
then shoved up around the nos- 
trils. These primitive masks 
would stop a considerable amount 
of chlorine if properly cared for 
and adjusted. Unfortunately the 
soldier too often dipped them in 
the solution and did not  suffi- 
ciently wring out the excess liquid. 
As a consequence he could not 
breathe freely, thought he was be- 





ing gassed, and frantically re- 





peated the operation, often equally , 
unsuccessfully. Moreover, the 

masks were not carried upon the person, but rather were placed 
in the trenches so that the soldier usually got one that had 
been worn by some one else. Beside the obviously unsani- 


+2 
7 


tary arrangement, another disadvantage presented _its« 


When the alarm was given several men frequently rushed 
the same mask with the inevitable result that some of then 
were gassed 
A very decided improvement was next introduced in the 
form of the “smoke hood.” Fig. 7 shows one of the latest mod 
els of these fairly efficient masks. Its great advantage lay it 

the fact that the breathing surface was large, resulting it 
very material decrease in resistance. Another prominent fea 
ture was the valve that allow: 





the exhaled air to escape. It is 
made of rubber and is called 
technically the “flutter” valve. 
So successful is its operation for 
this purpose that it was subse 
quently adopted in the lates 
types of both British and Ameri- 
can box respirators. 

It was soon realized by sci- 
entists that while “hypo” and 
alkalis would take care of chlo- 
rine and hexamethylenetetram- 
ine would stop large quantities 
of phosgene, many other gases, 
such as the chemically sluggish 
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Firs AMI 
MASK 


chlorpicrine, could not be easily removed by chemical means 
It was therefore necessary to combine with the chemicals a 
universal adsorbent, and carbon, because it has this property 
to an exceptional degree, was chosen for the purpose. In th: 
meantime the British had invented a mask of extraordinary 
efficiency. The details are given in Figs. 8,9, 10,11, 12. Fig. 
13 represents an early French type of mask. 


THE AMERICAN MASK 


When the United States of America entered the World War 
the newly organized American Gas Defense had on its hands 
the enormous problem of supplying every soldier who went 
abroad with an efficient protection against poison gas, and ever 
soldier in the concentration camps at home with a mask f 


training purposes. The Gas Defense did not wait to devel 
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an ideal device, but wisely 
chose to adopt the British type 
of mask. Incidentally this was 
a fine tribute to the British 
scientist, because the mask 


was much superior to any in 
use at that time by the Euro- 
pean armies. However, Ameri- 


ean scientists did not rest sat- 
isfied with the results of their 
allies, but on the contrary be- 
gan to develop the existing de- 
vices. It has been said that 
Americans invent and other 
nations improve upon the in- 
ventions while we are resting 
on our oars. In this particular 
instance the tables were turned, 
for in a few months we were 
producing carbon for’ gas 
masks fifty to one hundred 
times as valuable as any known 
to our allies and certainly 
vastly superior to that which 
the Germans were using. 
Equally important advances 
were made in the soda-lime, 





bo 


be 
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bi 








and the 
came the obiect of admiration 


GAS 


th friend 
said in 


chemists that they too succes ce 
toward the 


American mask soon be- 


and foe. It should 
justice to German 


] 


close ot the War in 


} 


eatly increasing the efficiency 


of their carbon. 


DEFECTS OF THE MASK 


Every driver of an automo- 


le recalls 


ences with the fogging or cloud- 


unpleasant experi- 


ing of the wind shield in cold or 
damp weather. The same prob- 
lem was met with to an accentu- 


ated degree in the gas mask. The 
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moisture from the breath or even from the eyes condenses 
the eye pieces, causing them to fog. In cold weather the co: 
densation is great enough to create droplets that hang su 
pended or run down in an irregular manner over the surfa 
The result is distorted and obscure vision. The Germa: 
partially overcame this difficulty by inserting gelatin-li} 
disks on the inside of the eye pieces. Sooner or later t} 
gelatin-like substance becomes soft and sags, so that t} 
vision is imperfect. Several fairly efficient anti-dimmin, 
preparations were compounded by American chemists to 
applied to the inside of the lenses by the soldier before th 
mask was required for use. This problem was largely solv 
in the latest type of American mask by a very ingenious di 
vice. The intake manifolds were carried up to a point d 
rectly underneath the eye pieces, so that the cold air played 
the lenses, keeping them cool on the inside. As a consequen 
the condensation was reduced to a minimum and anti-dimmi! 
compounds were seldom necessary. The nose snubbers and th 
rubber tube that was held in the mouth in the old mask wer 
eliminated in the new type. This was a boon to the soldier, f 
he could now breathe in the normal manner through the nos 
thus being relieved to a very considerable extent from the dis 
comfort of the old type mask. 

Another defect was discovered in the matter of the constru 
tion of the eye pieces. All the armies were using celluloid b: 
cause it would withstand hard usage. It was found, howev: 
that the surface of the celluloid soon became wavy and.the r 
sulting uneven vision caused headaches, indigestion and ev: 
nausea. For this reason triplex glass that will withstand 
severe shock is employed in the latest American mask. 

Experience with long-continued wearing of the gas mas 
in the field proved that the soldier became exhausted. Son 
interesting and valuable physiological experiments revealed th 
fact that if one is obliged to breathe against a resistance equiva 
lent to a column of water two to six inches high, an inadequat 
amount of air is taken into the lungs to oxygenate the bloo 
sufficiently. The resistance offered to the air by the contents 
of the canister in the American and especially the British mask 
was much too high. Consequently the soldier when workin: 
hard did not get enough air to purify his blood and partial o 
complete exhaustion resulted. This is believed to have been : 
large factor in the collapse of the Fifth British army last March 
The men had been obliged to wear their masks for days becaus« 
of the constant bombardment with gas and were exhauste: 
when the Germans finally attacked. 
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At the close of the war a new type of canister was bei 
nroduced in America in which the resistance was reduced bel 
The new canister was also designed to m 


the danger point. 
gas warfare, tl 


the requirements of the latest developments ot 


‘smoke” problem. Certain substances, such as sulfur 


chloride, were used in vas shells to produce, not 
fine particles that remain suspended in the air 


periods. In the case mentioned the sulfur trioxid 


moisture of the air to form tiny particles of sulfurik 
of these small particles produced in this or a simil: 
were not removed by the contents of any mask in 
battle field. The latest American canister gives an 
fect protection against this insidious form of gas wartf: 
With regard to gas warfare the American Gas Offens« 
the same views as their contemporaries in the field. The 
kind of defense is to strike back harder than t] 


it} 
L1es Oo 


With this end in view enormous quant 
pecially phosgene and “ mustard gas,” were 
our army at the close of the war and preparations were near} 


pelng 


ral nundred tor 


completed to increase the production to sev 
per twenty-four hours. 
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CHARLES EDWARD PICKERING 
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advancement of science congenial to 
the genius of organized democracy. 

The industrial trusts have ob- 
tained control by the suppression 
of rivals. Here the methods of 
Pickering were the exact reverse, 
and set standards which we may 
hope will ultimately prevail. He 
not only obtained large endowments 
for the Harvard Observatory and 
perfected its methods, but was 
equally active in assisting and or- 
ganizing astronomical work through- 
out the country and the world. He 
was by common consent the perma- 
nent president of the American As- 
tronomical Society. All astronomers 
and many not astronomers are his 
debtors for counsel and help. Others 
will take up and carry forward the 
astronomical work that Pickering 
originated and organized. His place 
as a man with other men will re- 


main unfilled. 


A NATIONAL DEPARTMENT OF 
EDUCATION 

A BILL has been introduced in 
the Senate and the House creating 
a department of education with a 
secretary of education and appro- 
priating money for educational 
work in cooperation With the states. 
The bill has the support of the Na- 
tional Education Association and 
the American Federation of Labor. 
It can not be passed before March 
1, but efforts will be made to have 
the subject considered by the next 
congress. 

Other leading nations have a min- 
istry of education, but here educa- 
tion has been held to be a state 
function. The present bill is indeed 
not intended to interfere with the 
autonomy of the states, but, like the 
bill that has been adopted to pro- 
mote vocational education, would 
distribute money to the states on 


condition that they appropriate | 


equal amounts for the same pur- 
poses. The states and local au- 


thorities 
ministrat 
tion witl 


would 
ion an 


lin the 


ret 


ain 


exclus 


d control of 


1r 


respective 


dictions, the federal government 
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me in the United States 8,592,000 
illiterates and persons unable to 
speak English, of whom 1,006,000 
live in New York State and 621,000 
n Pennsylvania. 


Statistics were presented to show 


62 per cent. of the mins 


ployed in this country are of 


eign birth and that thousands of $630.64, 
them are not only unable to read "um than thi 
scrub-womer! 


safety instructions posted up in 
. navy yard 


hat results 
directions spoken to them in Eng- factory? Ineffi 
lish. This fact is held to be largely Most Invariably 


mines, but are unable to understand 


accountable for the great number of 
accidents in the mines, where an 


average of 3,200 men are killed 
every year and 300,000, or one third and untra | 
. . yf th OO Of 
of all those employed, are injured. Of the 600, 
: . : ca 100,000 
Of those examined for military 

. years Old; 

service under the selective service years or less 
act it was found that more than tion beyond 
VOU have na ‘ 


eaucation 


700,000 were physically unsound and 

that a large proportion of the phys Reams nommen d 

ical defects could have been pre- to agricultur 

vented or removed by proper atten 

tion in youth. The economic and 

industrial loss, not to speak of the 

STORAGE RESERVOIRS JN 
1DIRONDACKS AND WA 
CONSERVATION IN N1 


YORA 


poverty and misery, attributable to 
these facts, experts have testified, 
has been enormous. 


¢ 


The importance of the problem o 
Americanization, it is held, has beer A BULLETIN 
emphasized repeatedly during the 
war and is self-evident from the 
fact that there are now 13,000,000 
foreign born in this country. Not 
only many of these, but many of the 
native born, the committee has been 
told, are ignorant of their duties and with general 
responsibilities as citizens. The present 

Advocates of the bill insist that opment of wat 
it is essential in any form of con- js emphasizing 
structive legislation to meet the il- ing about ree 
literacy peril, that provision be for both 
made for the government to assist There is 
the states in paying adequate sal- that streams m 
aries to teachers, and that more tain level througho 
teachers, well-trained, be provided. of value in the producti: . f power 
Referring to the fact that there are Where a stream fill s banks 
22,000,000 children of school age in few months 
the United States, a brief laid be- dwindles to 
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the use of steam power for the re- of the year, the combination 
mainder of the year, these streams two—the forest and the stora 
can be said to be of really little ervoirs—will come as near s 
value to the state. There is no ques- the problem of uniform flow 
tion but that the building of storage streams as anything that can hk 
reservoirs at strategic points on trived by man. Proper control 
water courses will assist in holding runoff is the only thing that 
water back and allowing the streams maintain a supply of water 
to fill to a higher level through a streams upon which manufactu) 
longer period of the year, but the industries are dependent and 
building of these reservoirs is only proper levels for navigation 
solving half the problem. If the While forests act as protecto 
forests are stripped off, allowing the soil and conservers of wat 
melting snow and rain to rush rap- they will be producing a cro} 
idly to the streams, this flood water wood that will give increasi: 
will carry soil that will fill the res- large returns. There are, theref 
ervoirs as rapidly as they are both direct and indirect benefits 
cleaned out. That this is the re- be obtained from the reforestat 
sult of building reservoirs without of the nonagricultural hillsides 
proper reforestation of the head- ridges which form so considerab| 
waters of the stream has been vi- part of the great state of New Yor 
denced repeatedly in the Alps in There should be, therefore, consta 
France and Italy and in our own cooperation between those who w 
western mountains in California. to develop the waterpower of 
Forests have a marked influence state or cities using water from 
in conserving the water which falls forests with the agencies carry 
in the form of rain and snow. The on reforestation. Without prop 
branches of the trees break the forest cover there can not be prop 
force of the rain, letting it fall to water supply. 
the ground and pass into the soil 
easily. The cover formed by decay- 
ing leaves and sticks is a sponge- WE record with regret the 
like mass called duff or humus, and of Dr. Brown Ayres, president 
University of Tennesses 
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this has a great water absorbing the 
capacity. It takes up in proportion previously professor of physics 

to its volume a vast quantity of Tulane University; of Rolla C. Car 
water and gives it off slowly over a_ Penter, professor of experiment: 
: engineering at Cornell Universit) 
of William Erskine Kellicott, p1 
fessor of biology at the College 

the City of New York, and of P 
fesor R. Nietzki, professor of ch 
istry at Bale. 


period of several months, thus main- 
taining springs and even flow in the 
streams. 

General uniformity of stream 
flow in every section of the country - 
will probably be brought about only 
as the result of widespread and in- THE gold medal of the Natio 
telligent reforestation combined with Institute of Social Sciences has bee! 
a limited number of large storage awarded to Dr. Wm. H. Welch, o! 
reservoirs at the headwaters of the Johns Hopkins Medical Scho: 
streams. If in connection with the Dr. J. A. L. Waddell, whose recent 
reforestation of the barren areas, articles on engineering fifty years 


storage reservoirs are constructed hence will be remembered by reader 
so that the flood waters of spring of this journal, has been elected 
may be impounded and given off corresponding member of the Pat 


? 


gradually during the dryer seasons Academy of Sciences. 





